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MONE EVERYBODY VOTED RIGHT! 


Frontispiece 
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OUR DIFFERENT 


E. I. Du Pont de 


HE present paper was originally 
planned to explain the use of a 
taste test as a class-room demon- 
tion of the innate differences which 
st among humans in their sensory 
tions. The editor of the JoURNAL 
HEREDITY suggested that the article 
uld be built around an illustrated 
unt of the Taste Exhibit held at 
Orleans in connection with the 
ent meeting of the American Asso- 
ion for the Advancement of Science. 
e suggestion of the editor will be 
owed and the exhibit will be allowed 
explain itself largely through photo- 
aphs. 
Each visitor who started in to view 
exhibit was first supplied with an 
‘elope containing a gelatine capsule 
ed with phenyl-thio-carbamide and a 
ppermint “life-saver.”” The direc- 
ns for use were printed on the en- 
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Orleans 











lope as shown in Figure 1. The long 
7 me, phenyl-thio-carbamide, we are 
“@@ortening to the nickname P.T.C., an 
5 @@Pbreviation which we shall use through- 
7 @@t this paper. 


The junior author’s discovery that 
-I’.C. is tasteless to some and _ bitter 
) others was first reported in Science 
lews Letter, April 18, 1931. Else- 
here? is given an account of the 
Hemistry of related thio compounds of 
hich P.T.C. may be considered as the 
pe. This account is the basis for the 
art of the exhibit on the relation be- 
ween chemical constitution and_ taste 

wn in Figure 4. The senior author's 
dies of the hereditary basis of taste 
“.ctions to P.T.C. have been reported 
a publication with M. R. Salmon? 


Taste 
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TASTE WORLDS 


P. T. C. as a Demonstration of Genetic Differences in Taste 
A. F. BLAKESLEE, 
Carnegie Institution of Washington 


and 
A be 


Fox, 
Nemours and Co. 


and separately,* and are summarized 
in the placards and tables of the ex- 
hibit. 

The first placard directly over the 
box containing the taste envelopes 
(Figure 2) raised the question: WHAT 
TASTE WORLD DO YOU LIVE 
IN? This question was answered by a 
placard (Figure 8) at the other end of 
the exhibit. “Try this harmless sub- 
stance and learn whether you are a tast- 
er or a non-taster,”’ was an invitation to 
the spectator to “know thyself,” and an 
assurance that P.T.C. is a harmless 
chemical. Over 2,500 persons tested the 
substance at the exhibit without injury, 
although one young lady, who neglected 
to read the directions to take only a 
minute quantity, and who swallowed a 
large part of a capsule full of crystals 
was temporarily seasick. The two-year- 
old child of the junior author swallowed 
several of the filled capsules and was 
likewise temporarily incapacitated. The 
harmlessness of P.T.C., when taken in 
moderate quantities, is therefore well 
established. The placard “sample is 
sufficient to test self, family and 
friends” may have been responsible, in 
part, for the numerous reports sent in 
regarding tests made by visitors after 
their return home, although reports of 
such tests were not specifically request- 
ed. A teacher of physics tested 45 per- 
sons from the one capsule. 

Visitors were requested to register 
their vote in the voting machine ( Frontis- 
piece) as to what the real taste is: 
Tasteless, Bitter, Sour, or Some Other 
Taste. These four choices were avail- 
able in labelled levers on the voting 
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machine which was kindly loaned to the 
exhibit by the Automatic Voting Ma- 
chine Corporation of Jamestown, N. Y. 
In order to draw a comparison be- 
tween voting at elections and register- 
ing taste sensations in a voting machine 
the following placard was prepared: 





In the North Two-Thirds 
of Those Tasting These Crystals 
Found Them Bitter 
Most of These Northern Tasters 
Were Republicans 
This Is the First Test 


In Democratic Territory 











Most visitors realized that no one 
else could tell them how to vote regard- 
ing the taste of P.T.C.—that matters of 
personal sensations could not be de- 
cided by a majority vote. There was 
general agreement therefore with the 
remark that this was the only ballot- 
ing ever held in which every one of 
the several thousand voters could be 
sure he voted right. A few, however, 
failed to realize that taste is a sub- 
jective matter and said: “The stuff 
tastes bitter to me. What ought it to 
taste like?” 

At the end of the five half days 
during which the exhibit was open, 
the final records on the voting ma- 
chine were as follows: 

Totals Tasteless Bitter Sour Other taste 
2550 715 1670 59 106 
(28.0) (65.5) (2.3) (4.2) 


Percentages are given in parentheses. 


Who is “Abnormal” ? 


To those who find P.T.C. strongly 
bitter, it seems almost incredible that 
any one could call it tasteless. One 
visitor flatly refused to believe the 
recorded votes for tasteless. He was 
asked to watch the voting. A man who 
was voting tasteless kindly consented to 
demonstrate his ability to eat a large 
part of a capsule of the substance with 
perfect composure. The skeptical visi- 
tor couldn’t understand it. “There 
must be something wrong with the 
man; he is abnormal” was the only 
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ARE YOU A TASTER? 





This envelope contains a gelatine cap- 
sule filled with 
PHENYL THIO CARBAMIDE 
a harmless chemical discovered by Dr. 
A. L. Fox, of the duPont Co., to be | 
tasteless to some and bitter to others. | 
A few report other tastes. | 





Kindly try the crystals (only a minute 
quantity is necessary) and register your 


VOTE as to WHAT THE REAL | 
TASTE IS, 
in 


VOTING MACHINE IN EXHIBI- 
TION ROOM 


at Exhibit on Taste and its Inheritance. 

Don’t eat the peppermint Life Saver 

first. It will take away the taste if you 
find the crystals bitter. 


If you are a taster and get any other sen- 
sation than bitter, you are AN EXCEPTIONAL 
PERSON OF MUCH INTEREST TO SCIENCE. 
It would be appreciated’if you would report 
any unusual taste reactions to the attendant 
at the Taste Exhibit, or to A. F. Blakeslee, 
of the Carnegie Institution of Washington, 
who is making a study of sensory thresholds 
a taste and smell. 











THE “TASTER” ENVELOPE 
Figure 1 


This and the following illustrations show 


various features of the Taste Exhibit at! 


New Orleans. This envelope was given out 
to all who wished to test themselves for their 
taste reaction to P. T. C. 


explanation that seemed possible. Our 
skeptical friend had blue eyes but it 
did no good to suggest that blue-eyed 
people could as well be called abnormal 
since lack of brown pigment in the 
eyes and lack of ability to taste P.T.C. 
seem to be inherited in much the same 
manner, ‘No siree, my eyes are all 
right even if they are blue, but any- 
body who can’t taste this bitter stuff 








certainly is abnormal” and he left the 
exhibit with an expression of deep pity 
evident for 28 per cent of those who 
had voted. Those who found the crys- 


tals tasteless were naturally at a_ loss 
to understand why anyone should make 
a wry face and call them bitter. One 
husband, who was a _ non-taster, was 
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Taste Differences 


“KNOW THYSELF” 


Figure 2 


In the first poster of the exhibit an invitation was extended to try a self experiment in 


chemistry, physiology, and heredity. 
center of the picture. 
and the ‘“non-tasters” frequently 
them were actually telling the truth. 


The results were recorded on the voting machine in the 
As is so often the case with those who make this test, the 


“tasters” 


found it difficult to believe that those who disagreed with 
A wide dissemination of this test might increase the 


realization that those who fail to agree with us may be as honest and faithful to the truth as 
ourselves, but that the picture their senses bring them may be as different from those that we 


perceive as black is from white. 


overheard trying to induce his wife to 
taste more of the substance. “There’s 
nothing to it, Mary. It hasn’t any taste 
at all,” he emphatically explained but 
the wife, apparently, was an acute tast- 
er and preferred seeming to make a 
iuss over nothing to tasting again some- 
thing she didn’t like. 

There are several factors which pre- 
vent the records on the voting machine 
irom representing accurately the sen- 


° 


sory reactions of those who tasted the 
chemical. Taste and, to an even great- 
er extent, smell are subject to uncon- 
scious suggestion, such that one is more 
likely to report the sensation which 
others near by are known to be experi- 
encing. The frequently expressed feel- 
ing on the part of the majority who 
are tasters that the non-tasters are in 
some way abnormal, may have pre- 
vented some of the latter 


from v oting 
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“tasteless.” It is clear, however, that 
between a quarter and a third of a 
rather large sample of people could 
detect no taste in a substance which to 
the rest of the population was bitter in 
varying degrees, or had some other 
taste. 


Thresholds of Taste Acuity 


What sour, or “other taste’ really 
means could be determined only by 
a detailed individual test. Judging 
from threshold studies** some of the 
reports of sour were due to faulty use 
of terms, while other cases were due to 
inability to discriminate between the 
sensations of bitter and sour. Consid- 
erable information of value was _ ob- 
tained through the cooperation of 
visitors to the exhibit, who responded 
to the request: “Jf you find these cry- 
stals sour or any other taste than 
bitter, YOU CAN ASSIST these in- 
vestigations by reporting to the at- 
tendant at the Taste Consultation 
Booth” (Figure 3). In this booth 
were available a series of bottles filled 
with solutions of different test sub- 
stances. P. T. C., quinine and picric 
acid represented bitters; hydrochloric 
acid represented a sour; saccharine a 
sweet and table salt a salty taste. The 
threshold, or concentration at which a 
person could first detect the substance, 
was roughly determined by administer- 


ing the solutions in soda _ fountain 
straws. By this method rough thresh- 


olds for different substances were de- 
termined for a considerable number of 
the visitors by Mr. M. R. Salmon or 
by the senior author. Several new 
cases of inability to distinguish sour 
from bitter were discovered and the be- 
lief thereby strengthened that such in- 
discriminations are relatively common. 

Weak powers of discrimination were 
not rare among the persons tested. 
Bitter and sour could be distinguished 
in such cases but apparently tasted 
much alike. Among the ‘other tastes” 


reported, some said the substance was 
sweet; some that it was saltv; some 
that it tasted like bitter almonds; some 
like camphor and some like sulphur. 
The last three tastes are probably more 
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DETERMINING THRESHOLDS 
Figure 3 
The only exact way to measure sense dif- 
ferences is to abandon verbal description and 
test with solutions of which the investigator 
knows the strength and constitution but not 


the “subject.” Sense thresholds for P. T. C. 
show a wider range than for many other 
substances, but variations in taste acuity were 
observed with all the substances tested. 


properly to be classified as odors. One 
of the persons who reported P. T. C. 
as sweet was given a threshold test. 
He picked out solutions of P. T. C. 
and of saccharine as being both sweet 
and alike in taste without knowing 
what was being given to him. He had 
the usual reactions of bitter from qui- 
nine and sour from hydrochloric acid. 
A number of reports of sweet from 
wae 
exhibit. Salty is another taste some- 
times attributed to P. T. C. and, in one 
case tested, the subject picked out a 
solution of sodium chloride as tasting 
like the crystals of P. T. C. 

With the information learned from 
the exhibit it would have been better 
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o have given an opportunity of voting 
or all four of the primary tastes: 
jitter, sour, sweet and salty. It should 
e emphasized again that only careful 
nd detailed tests can give accurate in- 
ormation regarding a person’s thresh- 
ids or taste discriminations. People 
liffer apparently in the intensity of 
ensation they experience which seems 
o have little relation to the thresholds 
at which they can first detect the sub- 
stance. People also differ in their 
likes or dislikes toward the same sub- 
stance. Thus peppermint “life-savers” 
had been found one of the best means 
of taking away any unpleasant taste 
S{rom acute tasters of P. T. C. and 
Swere, therefore, supplied in all the test 
envelopes. Among the thousands who 
Stook the test, however, there were 
found a few who distinctly disliked the 
taste of peppermint. Such rough tests 
and observations which have been dis- 
cussed may be of considerable educa- 
tional value in showing that innate and 
hereditary differences actually do exist 
in the sensory reactions of different 
people. 










































Chemistry of P. T. C. 


Before discussing the genetics of 
taste acuity, it may be well to learn 
something about the chemistry of the 
substance which has such different 
tastes to different people. 
4 are given some illustrations of the 
relationship between chemical constitu- 
tion and taste. The junior author in 
} the publication cited® has shown that 
the taste peculiarity of the phenyl-thio- 
carbamide compound is in the L=% 
linkage group. A_ chemical 
graph” 


~— 


of Figure 4. 


iti Ansell 





eet 


was, strictly speaking, 
phenyl- thio-carbamide. 
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‘ural formula. 
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Blakeslee and Fox: 


In Figure 


‘“picture- 
of the substance given out at 
the exhibit is shown at the lower right 
In the exhibit we have 
used the term phenyl-thio-carbamide in 
a generic sense to include related com- 
pounds with similar taste properties. 
The substance given out at the exhibit 
para-ethoxy- 
as chemists 
vould at once recognize from its struc- 
The substance used in 
the tests shown in the following charts 
called phenyl-thio- 
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carbamide for which an abbreviated 
formula may be ro as follows :— 


4 


The taste of the two substances is prac- 
tically identical except that the lat- 
ter P. T. C. is apparently slightly 
stronger. At least a few who were 
found to be weak tasters of the P. T. 
C. used in our genetic studies were un- 
able to taste the longer named sub- 
stance given out at the exhibit. 

The charts in Figure 5 summarize 
the evidence for the inheritance of 
taste capacity for P. T. C. If neither 
of the parents can taste the substance, 
none of the children have been found 
to be tasters. If one parent is a taster 
and the other a non-taster, somewhat 
more than half of the children have 
been tasters; while if both parents are 
tasters somewhat less than a quarter of 
the children are non-tasters. Such 
proportions would be expected if the 
inability to taste P. T. C. were due to 
a single Mendelian recessive factor. 
The critical mating, for such an hy- 
pothesis, is that between two non-tast- 
er parents from which one would ex- 
pect only non-tasting children. From 
such matings we have recorded on the 
chart a total of 22 children all of 
whom are, in fact, non-tasters. Sny- 
der® working with the related para- 
ethoxy-phenyl-thio-carbamide _ reported 
17 non-taster children from matings 
between negative parents. Several ad- 
ditional negative children might be in- 
cluded in this group from reports of 
those who attended the exhibit. The 
conclusion is justified that non-tasting 
is inherited but many hereditary fac- 
tors are involved in taste, and apparent 
exceptions to above mode of inheritance 
may be expected, especially if crystals 
only are used in tests, as shown earlier.3 
Some taste dilutions, but not crystals. 

For Figures 5 and 6, rough thresh- 
olds were found by giving i solu- 
tions by means of soda fountain straws. 
It will be seen that the tasting abilities 
of the parents influence the tasting ca- 
pacities of the children. 
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This and the four following figures are reproductions of some of the posters shown 11 
the general view of the exhibit (Frontispiece). They are self explanatory. 
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PHENYL THIO CARBAMIDE 
THE NUMBER OF TASTERS AND 
NON TASTERS AMONG THE CHILDREN 
OF DIFFERENT KINDS OF PARENTS 
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THESE RECORDS SHOW THAT 


TASTE ACUTENESS IS 
INHERITED 


IF THE PARENTS ARE ACUTE TASTERS 
THERE WILL BE A LARGER AVERAGE 
NUMBER OF TASTERS AMONG THE CHILDREN 
AND THESE TASTER CHILDREN WILL 
AVERAGE MORE ACUTE IN TASTE. 
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Non-tasters can really taste if the 
P. T. C. is only gotten into the mouth 
in a sufficiently concentrated condition, 
as in cold, or better in a hot saturated 
solution. Some who are non-tasters to 
a small amount of the dry substance, 
taste it if a large amount is_ taken. 
Taste acuteness, therefore, forms the 
bimodal curve shown in the upper part 
of Figure 6. 

The table in Figure 6 gives rough 
thresholds of 21 subjects for several 
substances. The conclusions from the 
data in the table are given in the charts 
of Figure 7. 

It may be remembered that the ex- 
hibit started with the question: “llhat 
taste world do you live in?” An an- 
swer and a conclusion is attempted in 
Figure 8. This figure forms the end of 
the exhibit which was an experiment 
in genetic “extension” and at the same 
time an attempt to obtain some better 
idea of the range of variation in respect 
to taste by a survey of a relatively 
large sample of people. For more de- 
tailed discussions of the topics, the 
reader is referred to publications al- 
ready cited® * °. 


Other Substances Show Taste 
Differences 


P. T. C. is not the only substance 
that is capable of dividing people into 
tasters and non-tasters, although it is 
the best so far known. Prof. A. W. 
IXvans has kindly sent the senior author 
an herbarium specimen of fumar pro- 
tocetraric acid which is a constituent 
of certain lichens, the bitter taste of 
which is supposed to be a criterion dis- 
tinguishing them from closely related 
species. To Prof. Evans as well as to 
a number tested by the senior author 
the substance is entirely tasteless while 
to others it is bitter in varying degrees. 
Cetraric acid, a related compound, ob- 
tained from Eimer and Amend under 
the name cetrarin, was bitter in differ- 
ent degrees to almost all persons tested. 
Only one out of 17 found a consider- 
able amount of the substance to be 
tasteless. Another substance is under 
investigation which is tasted by only a 
small minority. The junior author has 
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found that crystals of benzoate of soda, 
as well as a 10 per cent solution, are 
tasteless to some but distinctly bitter to 
others. This is a compound which has 
been advertised as a tasteless substance 
The senior author tested 26 persons 
with a 1/10 per cent solution which is 
the concentration used commercially in 
the preservation of food. Nine per- 
sons, or a third of the group, found it 
to have a distinct taste which was gen- 
erally described as sweet or bitter. As 
pointed out in Figures 6 and 7, these 
peculiarities in taste are largely de- 
pendent upon innate differences between 
people in their thresholds for the sub- 
stance tested. 

A similar peculiarity has been found 
to exist in regard to odors which are 
interpretable, in large part at least, 
by similar differences in thresholds. 
The peculiarity of floral odors ot two 
particular plants of Verbena discov- 
ered by one of us! is of interest in 
that over 90 per cent of the 40 people 
tested failed to find fragrance in one 
or the other of the two flowers but 
not in both. Inability of some to de- 
tect odors in certain kinds of flowers 
are probably relatively common. The 
senior author recently found marked 
differences in a group of Barnard stu- 
dents in respect to their reaction to 
two varieties of Freesias. Some found 
them to be without odor, but to others 
they had different degrees of  fra- 
grance. To a considerable number the 
odor was distinctly unpleasant. Re- 
actions to the two varieties were the 
same to some, but to others the two 
smelled entirely different. Other ex- 
amples might be added, but these that 
have been given are sufficient to show 
that the taste reactions from P.T.C. 
are not peculiar to this substance 
alone and are paralleled by examples 
from the sense of smell. 


The Worlds We Live In 


The exhibit and the further ex 
amples emphasize the fact that peopl: 
are innately different in their power: 
of sensory response. To the conclusio! 
that each lives in a different world 


some would say “Yes, but what dif 
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Blakeslee and Fox: 


erence does it make?” A little con- 
dJeration would sometimes lead them 
4 realize that much of our educa- 
‘ional system and of our other efforts 
,4t human betterment are based on the 
acit assumption that people are essen- 
‘ally equal in their innate capacities. 
These matters have been discussed 
elsewhere.” It is our belief that a 
full realization of the extent of dif- 
ferences between individuals would 
revolutionize the philosophy of “the 
man in the street,” and through his 
philosophy would also affect his laws, 
religion and other efforts at social 
advance. P.T.C. has been found to be 
a simple but the most effective meth- 
od we know for demonstrating to 
students the fact of innate, but un- 
suspected, differences between people 
in physiological response. A number 
of teachers have requested material of 
P.T.C. for use with their classes which 
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we have been glad to supply. 

The editor of the JOURNAL oF HERE- 
DITY, with material which we sent him, 
has devised a method of impregnating 
paper for test material which has cer- 
tain obvious advantages over the loose 
crystals. The paper is soaked in a 


Y% per cent solution of P.T.C. in 
acetone and allowed to dry. <A fairly 
constant concentration is thus secured 


Ina given amount of the paper. Sam- 
ples of P.T.C. treated paper have been 
sent out to many members of the Amer- 
ican Genetic Association on a trial ex- 
periment and such paper is being sup- 
plied in the insert with the present 
publication and in the reprints of it. 
The Association is prepared to furnish 
P.T.C. paper in quantity for class use 
at a nominal charge. We bespeak suc- 
cess to the JOURNAL oF HEREDITY in 
this new effort at “Genetic Extension.” 
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The P. T. C. Taste Leaflet 


SAMPLE of P. T. C. obtained 
from Dr. Blakeslee, inspired the 

idea of using the material in a modified 
form to demonstrate to a larger group 
these interesting taste differences. In 
order to do this safely some modi- 
cation of the technique used at New 
Orleans seemed necessary. The crys- 
tals had obvious disadvantages. <A 
large dose, while apparently not = in- 
jurious, might nevertheless cause much 
iscomfort and possibly lead to compli- 
cations. This suggested the idea of 
«iluting” the P. T. C. by impregnating 
aper with it. The first leaflets to be 
cnt out were treated by swabbing the 
aper with a brush dipped in the dry 
rvstals. The method was slow and 
omewhat erratic, and the finished prod- 
ict was not very uniform. A number 


of solvents were tried and all of them 
had disadvantages of one kind or an- 
other,—of price; of availability; of 
aftertaste; or of speed of evaporation. 
Acetone was finally adopted as most 
satisfactorily meeting all the require- 
ments. 

The arrangements of the blank chart 
have also gone through several revi- 
sions. In its present form it appears to 
be fairly satisfactory, as its import is 
generally understood, to judge from 
completed charts that are returned. By 
the use of dotted lines and symbols an 
attempt is made to convey the idea that 
the generations represented are at the 
tips of the branches of the “tree,” or 
‘rather, of the “bush” of life. 

It is believed that the combination of 
test paper and the blank chart has 
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considerable promise for “extension” 
purposes in human heredity. Those 
who make the tests and fill in the charts 
are actually engaging in a research in 
human genetics. Among our member- 
ship this is hardly an extraordinary in- 
novation, but among the population at 
large this might be regarded as distinct- 
ly a step in a very promising direction. 
If it were possible to bridge the gap 
between this character, which has no 
particular “practical value,” and_ the 
growing list of others, of the utmost 
importance to the individual or to so- 
ciety, in which the same principles of 
heredity are operative, the value of the 
test will be still further enhanced. 


(Text of * 
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The completed charts that have been 
returned, contain much material on tl 
inheritance of these taste differences. 
number of very interesting points have 
been brought to light. These data will, 
it is hoped, be the basis of a later ar- 
ticle. Some of the exceptions reporte 
may be the starting-point for further 
research. 

The request for additional copies of 
the charts have been almost overwhelm- 
ing. Nearly five thousand have been 
sent out for use in classes and for dem- 
onstration before clubs, etc. No other 
demonstration of heredity, of which we 
are aware, has been so promptly and sv 


enthusiastically adopted. —EDpItTor 


Vv 
1 aste-test” Leafle: ) 


“TASTERS” AND “NON-TASTERS”—INHERITED DIFFERENCES 


IN TASTE 


The attached paper is treated with 
P.T.C. (phenyl-thio-carbamide). This 
substance 1s peculiar in having a strong 
taste to some people and in being taste- 
less to others. The differences in re- 
action are inherited, inability to taste 
the substance apparently being inherited 
like a recessive. (A. F. Blakeslee and 
A. L. Fox, JouRNAL oF HEREDITY, 
March, 1932, and separate articles in 
Proc. Nat. Acad. Sci., January, 1932.) 
Those who 





are interested in testing 
themselves or their friends for this 
reaction may do so by placing a_ bit 
ot the treated paper on the tongue. 
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REACTION 


The compound is harmless even in con- 
siderable quantities. Some “tasters” 
can detect the microscopic quantity in 
a few drops of a 1/500,000 solution, 
and even less sensitive tongues can de- 
tect the taste in a very small piece ot 
the treated paper. Data on tamily re- 
actions will be appreciated and the in- 
formation may be entered on the form 
on the other side of this sheet. Add 
tional treated paper can secured 
from A. G,. A. 

While a majority of “tasters” agrec 
in the classification of the taste o! 
P.T.C. it should be emphasized that 
exceptional reactions are not “abnor 
mal” any more than the ability to taste 
or not to taste the substance could bh 
classified as an abnormality. Thus th 
characterization of the taste as “sour. 
“salty.” “sweet,” ete.. is of interest, a> 
very little is known regarding the hered 
itv of these less frequent reactions. 
is best not to prejudice the “testee 
by describing the flavor before a tes 
is made, as the psychological ettect o 
expecting a certain result tends to 1 
fluence our conclusions. 

Below is a chart in blank which ma: 
be filled out if it is possible to stud 
the heredity of taste-differences in th 
reader's family. In this chart, O = 1 
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306 Victor Building Washington, D. C. SAMPLE FILLED-IN CHART 


A TEST CHART OF TASTE REACTIONS 
Figure 9 


In the above chart may be entered the taste-reactions to P. T. C. of the members of a 
family, A sample chart, filled out, is at the right as a guide to the method of recording the 
results, It is rarely possible to get the reaction of four generations, but when this can be 
lone such a record is of especial interest. This kind of chart is used in recording the inheri- 
‘ance of other characteristics, such as hair or eye color, musical ability, etc. It is only 
ecessary to adopt a different set of symbols to describe the characters being studied. 

A single chart such as this may not by itself give definite evidence of the way a character 
‘ inherited. It serves, however, as a link in a chain of evidence available when a large num- 
er of such charts are brought together for study. Such a collection of inheritance charts is 
ne of the most useful ways we have to study human heredity. The cooperation of many 
ndividuals in preparing and returning such charts makes pessible real advances in this most 

nportant field of knowledge. 
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taste; d — Acid or sour; B = Bitter; 
SW = Sweet; ST = Salty; Y = 


other-taste. (Please specify.) Any dif- 
ferences in classification of the taste of 
P.T.C. are of great scientific interest 
and should be especially noted. In few 
instances can this chart be completed 
for more than two generations, and 
parent-offspring groups in most cases 
will be all that can conveniently be ob- 
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tained. Information on any other rela- 
tives will be appreciated. 

The chart when filled out may be 
returned so that the data may be placed 
on record for statistical purposes. Those 
who wish to keep this folder may 
sketch the taste-reaction chart 
separate piece of paper, or an addi- 
tional copy can be obtained’ from 


A. G. A. 


Books Received 


OOKS are acknowledged in this column as received, and such acknoweldg- 

ment must be regarded as sufficient return for the courtesy of the sender, 
As far as space permits, books that contain material of special interest to the 
readers of the JOURNAL will be reviewed in later numbers. 


MAN AND ANIMAL, THEIR ESSEN- 
TIAL DIFFERENCES, by HERMANN Pop- 
PELBAUM, Ph.D. Pp. 174. Price, $2.00 
Postpaid. Anthroposophical Publishing Co., 
London and New York, 1931. 


Another of those bridges between the 
physical and measurable on the one 
hand; and the “astral”, the mystical 
and mythical on the other. 





PSYCHOSE EN CRIMINALITEIT BIJ 
TWEELINGEN, by AuvuGustE Marcet LeE- 
GRAS. Pp. 105. Kemink en Zoon N. V., 
Utrecht. 1931. 


Case histories of twenty-six pairs of 
identical twins afflicted with mental de- 
rangement and criminal tendencies. As 
a control an equal number of fraternal 
twins similarly afflicted. Very impor- 
tant, our limited knowledge of Dutch 
leads us to believe. 





DIABETES, Its Control by the Individual 
and the State. By Exrior P. Jostrn, M. D. 
Pp. 70. Price $1.00. Harvard University 
Press, Cambridge, 1931. 

The treatment and prevention of an 
increasing affliction that was, before 
Banting and Best, an early death sen- 
tence; but since then only an aggrava- 
tion to those who have the wits and the 
will to live. Causes discussed at length; 
important among them heredity. 


AN INVESTIGATION INTO THE 
RELATION BETWEEN = INTELLI- 
GENCE AND INHERIANCE, by Evetyn 
M. LAwrence. B. Sc., Pr.D. Pp. 80. Price 
8 Shillings and Sixpence. Cambridge Uni- 
versity Press, 1931. 


anthropology, 


Until twins reared apart have been 
given much more intensive study, such 
investigations as this are necessarily 
inconclusive. 





CANCER, WHAT EVERYONE 
SHOULD KNOW ABOUT IT. By JAmes 
A. Tospey, Dr. P. H. Pp. xxix + 313 + x. 
17 Illustrations. Alfred A. Kncpf, New 
York. 1932. Price $3.00. 


A statement of the cancer problem as 
it affects the individual, emphasizing 
that cancer im its early stages is curable. 
Discounting of heredity factor perhaps 
unfortunate from the racial point of 
view. 





THE UNIVERSITY SERIES, First and 
Second Units. The University Society, New 
York, 1932. 

Illustrated paper-bound books giving 
authoritative information that he who 
runs may become informed on such mat- 
ters as astronomy, physics, chemistry, 
fossils, ete. ‘Heredity 
and Variation” by L. C. Dunn presents 


the genetic point of view. 


STATISTICAL ANALYSIS OF 


AMERICAN DIVORCE, by ALrrep CAHEN. 


Pu. D., Assistant Statistician on Consum| 
tion Habits for the President's Researc! 
Committee on Social Trends. Pp. 149. 15 
Charts, 11 Tables. Price, $2.25. Columb: 
University Press, New York. 1932. 

Post mortems of human happiness. 
and a biopsy of a grievous disease or 
symptom affecting the family — “th 
most important institution of huma: 
society.’ 
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AN INHERITED UDDER ABNORMALITY 
IN CATTLE* 


Epwin E. HEIZER 


Dept. of Animal Husbandry, Ohio State University 


URING a visit with a class in 

Dairy Cattle Judging to a farm 

near the University, the pecu- 
liar udder abnormality shown in Fig- 
ure 10 was first noticed. The udder 
was normal but poorly shaped on the 
right side, but on the left only one teat 
was present. Little attention was given 
to the abnormality at that time as this 
cow was the only individual in the herd 
which carried the defect. 

The following year, on a similar trip 
to a farm just across the road, two 
more cows were observed which carried 
the same abnormality as the cow ob- 
served the year previously. 

This abnormality is very objectionable 
as it materially affects the usefulness of 
the cows carrying it. Such animals are 
very difficult to milk due to the pres- 
ence of only three teats, and conse- 
quently the owners have used them for 
nursing calves in order to avoid the in- 
convemence necessitated by hand milk- 
ing. The production is also materially 
lessened by this abnormality. The own- 
ers state that the production is about 
30 per cent lower than-in the normal 
individuals of the same family. 

With the appearance of two more 
cows exactly like the first in udder 
conformation, it was evident that the 
abnormality was probably caused by a 
new inherited factor in cattle. 

-\ careful examination of the udders 
©! these individuals shows them to be 

very poor shape with two quarters 
| teats on the right side and only 

'¢ teat on the left side. The left half 

the udder is nearly as large and of 


almost the same shape as the right half. 
The study of the inheritance of this 
character is presented in Figure 11. 


Discussion of Pedigree Chart 


The first individual observed to carry 
this abnormality (Figure 10, and Figure 
11, II-1) was a registered Gurnsey cow 
purchased by her present owner as a 
heifer calf at a Guernsey Sale. She 
is now 15 vears of age and the dam of 
12 offspring. Of these individuals eight 
were males and four were females. As 
far as can be ascertained, the ancestors 
of (II-1) were normal and all of her 
calves have been normal except the last 
two (III; 13 and 14). Her full sister 
(II-2) was also normal. 

The first of the progeny of (II-1). 
a male, was used in the herd for sev- 
eral vears. Even though he was mated 
with his own dam to produce (IIT-4) 
no abnormalities other than poorly 
shaped udders appeared in his off- 
spring. 

This bull (III-2) was mated with 
two cows (III-1 and 3) owned by 
brothers living on adjoining farms. The 
results of these matings were the in- 
dividuals (IV-1 and 2) a male and a 
female. The cow (IV-1) had a very 
poorly shaped udder. which seems to be 
a characteristic of this family, but 
otherwise she was normal. 

When (IV-1) was mated with (IV- 
2) the resulting individual was a fe- 
male (V-1) carrying the abnormality 
exactly as it appeared in (II-1). This 
cow (V-1) produced + normal male 
calves which were sold for slaughter. 
Her dam (IV-1) produced in addition 


* 2) . + ° 7 . . . . 
Prepared in the Department of Zoology at Ohio State University under the direction of 


L. H. Snyder. 
' made this study possible. 
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[ also wish to acknowledge the kind cooperation of the breeders who 











ZELMA OF WHITE COTTAGE 79682 
Figure 10 


This cow, a registered Guernsey, is the foundress of the family shown by the chart i 
Figure 11. The udder is poorly formed, but the striking feature is the presence of only one 
teat on the left half. This peculiarity appeared in the next generation and in the third anc 
fourth succeeding generations, being apparently inherited as a recessive. To our knowledge 
she is the first individual to carry this udder abnormality. The photographs illustrate 


nature of the defect. 


two male calves which were sold for 
slaughter. 

The male (IV-2) was mated with a 
Jersey cow (IV-3) producing a_nor- 
mal female (V-2) with the exception 
of a poorly shaped udder. When this 
individual (V-2) was mated back to a 
Guernsey bull the result was the ab- 


normal individual (VI-2) and Figure 





12. Neither of her parents produced 
any other abnormal individuals. 

This cow (VI-2) has produced tv 
normal calves, one by an Ayrshire but! 
and the other (VII-1) by a Guerns:cy 
bull. The sire of (VII-1) was also ‘1c 
sire of (III-13 and 14). 

Returning to the remaining proge" 
of the original cow (II-1), her dau 
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THE INHERITANCE OF AN UDDER ABNORMALITY IN CATTLE 
Figure Il 


Inheritance chart showing seven generations of a family of Guernsey cattle carrying a 


recessive factor for abnormal udders. 
delian nature of character. 


ter (III-4) sired by her son (III-2) 
was normal except for the very char- 
acteristic ill-shapen udder, which is 
common in this family. This cow 
(III-4+) was the dam of four females 
and two males, all of which were nor- 
mal. The males (III-5, 6, 7, 8, 10, 12) 
were used in grade and pure bred herds 
in the locality and as yet no abnormal 
individuals have been produced. So 
lar as can be ascertained none of these 
bulls is in service at the present time. 

The females (III-9 and 11) had the 
very poorly shaped udders characteris- 
tic of this family, but neither of them 
produced abnormal offspring. Each of 
these cows has produced two males 
(IV-4, 5 and 6, 7) which were slaugh- 
tered as calves. 

The last of the produce of (II-1), 
(III-13 and 14) are full brother and 
sister sired by (VI-1). These indi- 
iduals are both abnormal. The heifer 
‘IIT-14) has exactly the same udder 
‘bnormality as her dam. 

The full brother of (III-14), (1III- 
13) also shows abnormal rudimentary 
levelopment. The rudimentaries on the 


Dotted lines indicate proposed matings, to test men- 


right side are quite pronounced while 
those on the left are hardly perceptible. 
He is in service in a grade Jersey herd 
and as yet has produced no abnormal 
calves. 

In order to carry this study to com- 
pletion, the owners of these abnormal 
individuals have consented to permit 
the matings indicated by the dotted 
lines in Figure 11. These matings 
should confirm the evidence’ which 
seems to show a simple recessive Men- 
delian factor, responsible for this de- 
fect. Theoretically, all individuals re- 
sulting from these matings (IV-8) and 
(VII-2) should carry the abnormality. 

In addition to the family presented 
in this study, a similar abnormality has 
occurred in another local herd. In this 
herd a pure bred Guernsey heifer, pro- 
duced by parents in no way closely re- 
lated to the family discussd in this 
study, carries the abnormality with the 
teat placements reversed. She has two 
teats on the left side of her udder and 
only one on the right side. She does 
not possess the very poorly shaped ud- 
der common to the other family. It is 
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hoped that arrangements can be made 
whereby she may be mated with (III- 
13) to ascertain if her abnormality 1s 
caused by the same factor which is car- 
ried by the other family. There are no 
abnormal individuals in her pedigree as 
far as we can determine. 

After the results of the proposed 
matings have been produced it is also 
planned to make a detailed anatomical 
study of the udders of these individ- 
uals.* 





Summary and Conclusions 


The data presented in this study in- 
dicate the appearance of a new _ inher- 
ited factor in cattle. 

At the present time this abnormality 
has been recorded only in the Guernsey 
breed. 

The evidence points toward simple 
Mendelian recessiveness in the inher- 
itance of this abnormality as it skips 
one or more generations and may ap- 
pear when both parents are normal. 
Proposed matings have been arranged 
in order to prove the other requirement 
for recessiveness; namely, that homo- 
zygosity 1s necessary for its appear- 
ance. 

This factor is of great economic im- 
portance to breeders of dairy cattle, as, 
due to its recessive nature its presence 
may be disseminated throughout an en- 
tire herd or community before an ab- 
normal individual appears. Photographs of (VI-2) showing the abnor- 

The attention paid to rudimentaries  mality four generations removed from the 
in selection of bulls, especially in for- source. 
eign countries, may be of more value clause in their registration requirements 
than we have thought here in America. which would prevent registration of 

It would seem that the best way to individuals, either male or female. 
stamp out this undesirable factor would which did not show normal udder or 
be for the breed associations to insert a rudimentary development. 





AFTER FOUR GENERATIONS 


Figure 12 





* AUTHOR'S NOTE: Since this article was written, C. W. Turner (Anatomy of the Mam- 
mary Gland of Cattle. Missouri Agricultural Experiment Station Research Bulletin, 160, 
1931) has reported a male bovine fetus of the Hereford breed which carried an abnorma! 
rudimentary development similar to that reported in this paper. 
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A FERTILE TETRAPLOID TOMATO 
Cross-Sterile With Diploid Species 


E. W. LINDSTROM 
Towa State College 


WO distinct forms of the to- 

mato are accorded species rank 

by Bailey’. One is the common 
tomato, Lycopersicum esculentum, Mull. 
(Solanum Lycopersicum, Linn.), and 
the other is the currant type, L. pim- 
pinellifolium, Dunal (Solanum raceni- 
forum, Vilm.). Both species have the 
same chromosome number (twelve 
pairs) and hybridization between the 
two is readily accomplished although a 
small degree of gametic. sterility is 
plainly evident in the Fy and Fo». gen- 
erations. 

Tetraploids from the esculentum spe- 
cies have been produced bv several 
workers, but no one has heretofore re- 
ported a pimpinellifolium tetraploid. 
secause the latter is markedly differ- 
ent from the other tetraploids it merits 
some attention, particularly since it 1s 
the most fertile of all tomato tetra- 
ploids thus far recorded. 

The least fertile tetraploid is the one 
originating from a doubled haploid es- 
culentui form (Lindstrom? and Lind- 
strom and Koos”). In this the chromo- 
somes in each set are identical. Al- 
though the reduction division seems to 
proceed with reasonable normality, 
giving daughter cells mostly with 24 
chromosomes, the final seed develop- 
ment is usually less than ten per cent 
normal. The fruits are distinctly 
smaller than those of the diploid from 
which this tetraploid arose by the de- 
capitation-callus method. 

Tetraploids from ordinary diploid 
esculentum forms have been reported 
by Winkler’, Jorgenson?, Lesley and 
Lesley*, and Sansome®. There seems 
to be considerable variability in the 
chromosome association and fertility of 
such tetraploids. None of the reports 
indicate a very high degree of fertility. 
A dozen tetraploids of this sort have 
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been produced in our laboratory. These 
have all been derived from varietal Fy; 
crosses. Chromosome association 1n 
these is variable, there being both bi- 
valent and tetravalent groupings. Seed 
development cannot be classed as more 
(and often less) than fifty per cent 
normal. The tetraploid fruits, although 
numerous, are somewhat smaller than 
those of the diploid from which these 
tetraploids were derived asexually by 
the decapitation-callus method. 
Tetraploids from the pimpinellifoliuin 
species are here described for the first 


time. They were produced asexually 
by decapitating young, homozygous 


pinpinellifolium plants and allowing a 
callus to form on the cut stem. Nu- 
clear or chromosome doubling took 
place in a few cells of the callus, from 
which adventitious tetraploid sprouts 
arose. Only three of the 100 tested 
sprouts proved to be tetraploid. Mosaic 
infection of the callus seriously inter- 
fered with the production of larger 
numbers. From one of the largest of 
these original tetraploids, three sexual 
generations have now been produced 
with no difficulty since there has always 
been a high degree of fertility. Pre- 
liminary cytological studies show chro- 
mosome association almost entirely in 
the bivalent condition, there being rela- 


tively few indications of tetrasomic 
grouping. 


Description of Pimpinellifolium 
Tetraploid 

From the very beginning these tetra- 
ploids were distinctly larger than the 
parental diploid. This was true for the 
seeds, cotvledons, seedling and mature 
leaves. The latter are distinctly thick- 
er and firmer than those of the fine- 
leaved diploid. In Figure 13 are shown 
young plants of the diploid and tetra- 
ploid at the stage when the first flow- 
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DIPLOID L. pimpinellifolivin 





TETRAPLOID —L. pimpinellifolive 


DIPLOID AND TETRAPLOID FORMS 
Figure 13 


Young diploid and tetraploid (at right) plants of L. pimpinellifolium. 


The tetraploid was 


produced by a doubling of the chromosome number in callus tissue. 


ers open. At this stage the axillary 
sprouts of the true diploid pimpinelli- 
folium species are plainly evident, 
while those of the tetraploid are just 
commencing to develop. In esculentum 
plants of the same age and under the 
same conditions these axillary sprouts 
are still undeveloped. Because of this 
difference in development of the axil- 
lary branches, it is difficult to estimate 
the relative growth rate of the diploid 
and tetraploid. The latter seems to be 
a trifle slower in germination and in the 
very early seedling stage, but soon 
overcomes the diploid in plant height 
and length of leaves. The leaflets of 
the tetraploid are always larger than 
those of the diploid. 

The mature tetraploid plant (Figure 
14 left) is noticeably larger and more 
vigorous than the parental diploid. It 
carries much of the parental diffuse, 
viny and twiggy growth habit particu- 
larly when grown in the field. It is 
characteristically much less pubescent 
than the esculentum species. In fact, 
it greatly resembles the currant species 
in its lack of hairy pubescence, al- 


though the older stems usually possess 
some long hairs which are not found 
on the diploid. 

The flower racemes are distinctly 
elongate and distichous, bearing 10-20 
fruits or berries. The tetraploid flow- 
ers are almost twice as large as the 
diploid flowers, particularly in the 
length of sepals, petals and anthers 
(Figure 15). Pollen development is 
abundant and good, although some 10- 
20 per cent pollen abortion is evident. 
The normal pollen grains are uniform- 
ly larger than the diploid grains. 

Fruit formation by self-fertilization 
is usually excellent, although there 1s 
some variability in this feature. Of 106 
plants raised to maturity, only 10 were 
partially sterile (including two almost 
completely so) as shown by fewer and 
usually smalier fruits. Fruit size of 
the fertile tetraploids is on the average 
twice that of the parental diploid (Fig- 
ure 15). In fact many of the tetraploid 
plants bear fruits almost as large as 
the well known Red Cherry variety of 
L. esculentum. Fruit measurements of 


twenty parental diploids and twenty tet- 
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raploids were obtained from ten fruits 
from each plant. These data appear 
in Table 1. 

Seed formation in the tetraploids was 
surprisingly good on _ practically all 
plants with the exception of the 10 
partially sterile types. The seeds were 
approximately twice as large as those 
of the pimpinellifolium parent. Prac- 
tically no abortive seeds were noted in 
many plants. Abortive seeds, on the 
other hand, are very characteristic of 
the esculentum tetraploids. 

Three generations have now been 
erown from. self-fertilized pimpinelli- 
folium tetraploids. The vegetative and 
floral phenotypic aspects have remained 
constant, the only real variation being 
that of fruit size. In other words this 
tetraploid breeds fairly true to type. 


Hybridization of Tetraploid and 
Diploid 

Fully sixty crosses between the pim- 
pinellifolium tetraploid (as female) and 
diploid were made. Fruits set in prac- 
tically all cases, but only very abortive, 
non-viable seeds were produced. The 
parthenocarpic development of these 
fruits was so astonishingly good, con- 
sidering the complete absence of nor- 
mal seeds, that it seems as if fertiliza- 
tion must have been effected but em- 
bryonic growth had ceased very early. 
A few reciprocal crosses were made, 
but no viable seeds were obtained. Ac- 
cordingly, this tetraploid is completely 
sterile with its parental form. Several 
crosses of the pimpinellifolium tetra- 
ploid and various esculentum diploids 
as pollen parents were made, but not a 
single viable seed resulted. Such cross- 
sterility with the other common forms 
and species of the tomato, coupled with 
the great phenotypic deviation from 
type of the pimpinellifolium tetraploid, 
could very well assure this form the 


rank of a new species in a broad sense, 
although its chromosome constitution is 
in reality atypical as it is now consti- 
tuted. In time this feature would 
probably be changed by mutations, 
translocations and inversions so that 24 
different pairs of homologous chromo- 
somes would be evolved, making it es- 
sentially a new species. 

Detailed compartive cytological 
studies of our various tetraploids are 
now under way. The pimpinellifolium 
tetraploid arose from a_ reasonably 
homozygous, inbred strain of the Red 
Currant variety. One would fully ex- 
pect most, if not all, of the chromo- 
somes to associate in the tetrasomic 
condition. This was true in the homo- 
zygous tetraploid esculentum form that 
originally came from a haploid. Les- 
lev and Lesley* also described an es- 
culentum tetraploid that arose in a 
nearly pure variety. Here the chromo- 
some association was practically all in 
the tetrasomic condition. The apparent 
absence of tetrasomes at late prophase 
and metaphase in the pimpinellifolium 
tetraploid suggests an anomalous situa- 
tion which the following observations 
may explain. 

In the second and third generations 
of these tetraploids an unlooked for 
variation occurred. Whereas the origi- 
nal tetraploid was typically red-fruited, 
like the diploid parent, a few yellow- 
fruited tetraploids appeared in the two 
selfed generations from it. 

The parental strain of the Red Cur- 
rant variety was homozygous for red 
fruit color and had remained so for 
four generations. As a matter of fact 
there has never been a single, yellow- 
fruited pimpinellifolium plant in any of 
our cultures. Accordingly, the origin 
of the vellow color must be sought 
elsewhere. 


TABLE 1.—Fruit measurements (average per plant) of twenty diploid and tetraploid 
pimpinellifolium plants. 
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~ Polar Equatorial : _ 
diameter diameter Number Weight 
mm. mm. _ locules 7 grams | 
Diploid es |e 11.9 2 1.0+0.01 
___Tetraploid — 14.3 15.6 vr 2.10.07 
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TETRAPLOIDS OF TWO SPECIES | 


Figure 14 


Tomato tetraploids—Leift. of J. pimpinellifolium. Right. of L. 


hybrid). The tetraploid form at the left is self-fertile. but it is sterile in crosses with the 
parent diploid form. In a broad sense it might then be considered a new species,—or at 
least the raw material for the eventual development of a new species. 
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The possibility exists of an outcross 
o ayellow esculentum plant in the gen- 
eration immediately preceding the tet- 
raploid. Unfortunately seed from the 
diploid sprouts of the individual plant 
decapitated to form the tetraploid was 
not saved so as to test this point di- 
rectly. 

There were no obvious indications of 
esculentum characters in the tetraploid 
and the two generations from it except 
perhaps for a flower and fruit size 
slightly greater than expected and for 
minor variations in plant height. It 
should be noted, however, that fii pinel- 
lifolium-esculentum hybrids show such 
a striking dominance of pimpinellifoliuim 
characters that an outcross might easily 
he overlooked even in the diploid condi- 
tion. Nevertheless such hybrids exhibit 
a distinct, although sparse, pubescence 


(long hairs) on young foliage and 
stems. The tetraploid, however, was 


strikingly like its diploid ancestor in the 
complete absence of these long hairs on 
the younger parts, although on the old- 
er stems there was a greater develop- 
ment of this pubescence than is found 
in the pure pimpinellifoliuin species. 

For these reasons it seems difficult to 
assume that there is esculentum blood 
in this tetraploid. Nevertheless the evi- 
dence of bivalent chromosome associa- 
tion, the yellow fruit color, the cross- 
sterility with both tomato species and 
the high degree of self-fertility all point 
to that condition. Tetraploids from 
esculentum-pimnpinellifolium hybrids are 
now being developed to check this situa- 
tion. They should behave very much 
like the tetraploid described in this 
paper. 


Genetic Observations 


The fruit color data from the self- 
rertilized tetraploid afford some evi- 
dence on the method of segregation in 

tetraploid tomato. From two selfed 
‘etraploids 101 red- and 5 vellow-truited 
plants were obtained. This 


. YOeESCTS 
suggests 


* This possibility was suggested by Dr. C. L. Huskins. 
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that the genotype of the tetraploid was 
RRrr. If the four chromosomes 1n- 
volved assorted at random a 1 RR+ 
4 Rr+1 rr proportion of diploid gametes 
would result, giving a 35:1 ratio of red to 
vellow if fertilization were at random 
also. This would give a theoretical ex- 
pectancy of 103:3 for this particular 
case. A deviation of two is well within 
the limits of random sampling errors 
and indicates that chromosome pairing 
in the tomato tetraploid may occur 
wholly at random among the four chro- 
mosomes. 

In an esculentum tetraploid a similar 
ratio was found. In this case the F» 
ratio was 26:1 (53 tall:2 dwarf). Com- 
bining the two sets of data a 22:1 ra- 
tio (154:7) is obtained. ‘This is con- 
sistently less than the theoretical 35:1 
ratio and might indicate that the eight 
chromatids of the tetraploid were dis- 
tributed more or less at random.* Com- 
plete random assortment of eight strands 
would result in a 3 RR+8 Rr+3 rr 
proportion of gametes, giving approxt- 
mately a 21:1 ratio of dominant to re- 
cessive phenotypes upon. self-fertiliza- 
tion. If the Rr genes are far removed 
from the spindle fiber attachment such 
an assortment becomes possible. The 
tall-dwarf genes of the tomato are 
known to be at one end of the first 
chromosome. 


Summary 


A tetraploid tomato, produced from 
the diploid L. prmpinellifolium (currant 
tvpe) species, is described for the first 
time. It proves to be the most self- 
fertile of all known tomato tetraploids : 
and phenotypically it is greatly different 
from them. 

The tetraploid was found to be com- 
pletely cross-sterile with its diploid par- 
ental species as well as with the esci- 
lentum species. Accordingly this self- 
fertile form could be classed as a new 
species in a broad sense. 

Self-fertilized tetraploids of the con- 
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FLOWERS AND FRUIT OF DIPLOID AND TETRAPLOID 
Figure 15 


On the left are shown the flowers and fruit of the normal diploid LL. pimpinellifoltun 
On the right are the tetraploid forms. The differences are marked enough to entitle the ne\ 


form to specific standing. The fact that it is sterile with the “parent” diploid but self fertile, 


would tend eventually to produce through chromosome mutations and translocations, a fort 
having all the characteristics of a new species. 
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-titution RRrr (red-yellow fruit color) 
save progeny with a 20:1 ratio of the 
two fruit colors. This might indicate 
. random assortment of the four chro- 
mosomes but it also suggests a strong 
tendency for random distribution of the 
eight chromatids. 


Addendum 


Since the above was written, three 
new L. pimpinellifolium tetraploids have 
been produced from tested pure-line 
diploids of this species. These are 
characteristically larger than the diploid 
hut are less sturdy and smaller-fruited 
than the original tetraploid, which might 
seem to prove that the original form 
carried some esculentum blood. Never- 
theless continued plantings from this 
original tetraploid, now totaling 248 
mature plants comprising four succes- 
sive generations, have failed to uncover 
a single individual with even an indica- 
tion of the typical, hairy esculentum 
pubescence on young foliage and stems. 

As a check on the above situation, 
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six different Fy, esculentiuim-pimpinelli- 
folium tetraploids (25 plants) have re- 
cently been produced, all of which carry 
the sparse, partially dominant, hairy 
pubescence of the esculentum species. 
‘These tetraploids also are exceptionally 
self-fertile, but cross-sterile with dip- 
loids of the two species. 

Further data on the purity of the 
parental diploid pimpinellifoliuin species 
have been obtained by testing 60 sister 
plants as well as grandparental and 
great-grandparental generations. In no 
case was a single yellow-fruited form 
discovered. That the yellow color arose 
as a mutation in the decapitated plant 
is perhaps possible, but constitutes too 
rare a phenomenon to serve as an ex- 
planation. 

Accordingly, the original piipinelli- 
folium tetraploid, while giving circum- 
stantial evidence of esculentum blood, 
is certainly not typical of such species 
hybrids. It must still be termed a pim- 
pimellifoliuim tetraploid which is highly 
self-fertile and cross-sterile with the 
two diploid species of tomatoes. 
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Nutrition and Constitution 


DER EINFLUSS DER ERNAHRUNG 
AUF DIE KONSTITUTION DES OR- 
GANISMS (The influence of nutrition upon 
the constitution of the organism), by A. 
KATASE. VI, 162 pp., 77 text figures. Pub- 
lishers: Urban & Schwarzenberg, Berlin and 
Vienna, 1931. Price, ten marks. 


ATASE’S very interesting book 
is a summary of the work which 
i¢ and his many pupils have carried 
ut during the last decade at the 
nedical academy of Osaka. The pres- 


ent account is the more valuable since 
most of the original work was pub- 
lished in Japanese periodicals; it also 
incorporates many results as yet un- 
published. The experiments were de- 
signed to analyze the effects of vari- 
ous mineral salts and of the principal 
organic constituents of food material 
(carbohydrates, fat, proteins) upon 
constitutional characteristics of vari- 
ous laboratory animals and of man. 
In further experiments the influence 
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of mineral salts, vitamins, hormones, 
spices, radiation, and so on, upon the 
metabolism of the principal food con- 
stituents was studied. A great va- 
riety of morphological, histological, 
and physiological criteria were used 


as indicators of the effect of the 
numerous feeding experiments, the 
most important of which were: the 


alkalinity or acidity of the blood, the 
composition and histological struc- 
ture of the bones and teeth, the min- 
eral composition of various other or- 
gans, the functioning of the hema- 
poietic organs, the peristaltic move- 
ments of the intestines, and many 
others. The details of the results 
cannot be reviewed here. Some of 
the general conclusions, however, to 
which Katase is led by these results 
are of great importance to the geneti- 
cist. 

It appears from these studies that 
in young growing animals certain nu- 
tritional conditions will bring about 
either hyperacidity or hyperalkalinity 
of the blood, and that in turn these 
abnormal reactions of the blood exert 
a pronounced influence upon the con- 
stitution of the organism. Katase 
believes that fundamentally there are 
three different types of human con- 
stitution: the normal constitution, 
the acidosis constitution, and the 
alkalinity constitution. In the normal 
constitution the blood alkalinity is 
maintained chiefly by calcium and 
sodium salts which insure optimal 
conditions for the vital reactions. The 
acidosis constitution which Katase 
believes to be identical with the ty- 
pus longus or microsplanchnicus of 
Viola and the asthenic type of Stiller, 
is characterized by narrowness of the 
chest, relatively great length of the 
long bones, low muscle tonus, small 
and abnormally shaped heart, sub- 
normal development of the uterus, 
and so on. The alkalinity constitu- 
tion 1s assumed to be identical with 


the typus brevis or macrosplanchnicu; 
of Viola and the apoplectic type oi 
Stiller; it is brought about by mag- 
nesium or potassium salts as_ the 
chief determiners of the alkalinity o/ 
the blood. The principle features oi 
this constitution are a wide chest. 
relatively short long bones, well de- 
veloped musculature, a high resis- 
tance to juvenile diseases but a tend- 
ency towards early symptoms oi 
senility. 

Since it was possible to produce 
experimentally in laboratory animals 
practically all the characteristics of 
the acidosis constitution and at least 
some of the features of the alkalinity 
constitution, and since it could be 
shown that these nutritional factors 
may already bring about constitution- 
al changes in the developing fetus, 
Katase believes that the different con- 
stitutional types are determined en- 
tirely by the nutritional conditions ob- 
taining during embroyonic and post- 
natal growth of the organism. It 
appears certain that students of the 
inheritance of constitutional traits 
will have to take carefully into ac- 
count the influence of nutrition and of 
blood alkalinity or acidity upon the 
characters under consideration. aA 
priort there is no reason to assume, 
however, that all individuals will show 
the same type of response to certain 
nutritional conditions. In fact, from 
all that we know it appears very 
probable that certain individuals re- 
spond with hyperacidity to nutrition- 
al conditions which in other indivi- 
duals do not disturb the normal alka- 
linity of the blood. The question re- 
mains to be studied, then, whether 
different constitutional types do not 
at least in part develop upon the basis 
of inherited tendencies of reaction 
towards alkalinity or acidity of the 
blood. 


WALTER LANDAUER. 
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HEAT-INDUCED CHLOROPHYLL 
MUTATIONS IN MAIZE 


Preliminary Report on Chlorophyll Deficiencies Induced by Heating 
Dormant Seeds 


Frepd H. HuLt AND EDGAR FI. GROSSMAN * 
University of Florida 


URING the course of recent 
investigations at the Florida 
Agricultural Experiment Sta- 
tion an unusually high proportion of 
striped plants was produced by corn 
seeds that had been subjected to heat 
treatment. The striping, similar in ap- 
pearance to the hereditary type known 
as japonica, was due to chlorophyll 
deficiency. The question then natural- 
ly arose relative to the manner in 
which heating acted on dormant em- 
bryos to produce chlorophyll defici- 
ences and whether heritable variations 
might be induced. Further experi- 
ments were immediately begun to in- 
vestigate the effects of heating dor- 
mant seed. The results of one sea- 
son's work are presented herewith as 
a preliminary report. 
Striped plants were first discovered 
in field plantings of three varieties of 


corn, Zea mays. The seeds for these 
plantings had been subjected to a 
series of heat treatments in a con- 


stant temperature water bath for vari- 
ous lengths of time. These heat treat- 
ments were given in the following 
manner: ten seeds were placed in a 
dry test tube which was tightly stop- 
pered and immersed in a water bath 
which was stirred continuously. The 
water temperature did not vary over 
two-tenths of a degree Centigrade for 
any single treatment. [For the series 
ot treatments the temperature varied 
from 56 to 80 degrees Centigrade by 
one degree intervals.f The time varied 
from five to 360 minutes. After treat- 


te 


ment 487 treated lots and 34 untreated 
lots of ten seeds were planted in the 
held. 

The time of exposure extended be- 
yond the lethal point for all three 
varieties for every temperature above 
08°C. Germination and growth were 
retarded in the sub-lethal range. The 
most noticeable effect, however, was 
the white striping which was confined 
largely to the sub-lethal range. Ninety- 
three striped plants were observed. 
They were confined to 47 of the 487 
treated groups. Every plant in eight 


of the groups was. striped. The 
number and distribution of the striped 


plants made it appear rather certain 
that striping had been induced by the 
heat treatment. Striped plants may 
be found with a frequency of perhaps 
one per thousand in all three of the 
varieties of corn used in this test fol- 
lowing the usual methods of producing 
and handling seed. None appeared, 
however, among 323 plants from con- 
trol seed. 

The degree of striping varied from 
almost entirely white to a few faint 
lines. A number of the more extreme 
cases of striping did not survive the 
seedling stage. Some plants showed 
striping on the first four or five leaves 
only. Others showed stripes through- 
out the plant and still others showed 


stripes only in the upper leaves. In 
one plant striping appeared in_ the 
tiller but not in the main stalk. Un- 


fortunately no inflorescence contained 
a white or striped sector which night 





* Assistant Agronomist and Associate Entomologist, respectively, University of Florida, 


Gainesville. 


+ Temperatures reported in this paper are of the water bath. 


It was found that the tem- 


perature of the seed reached that of the water bath about ten minutes after immersion. 
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have been used for a specific breeding 
test. 


The next step after finding the 
striping should have been to run 


similar tests with corn of known and 
appropriate genetic constitution. The 
season was too far advanced, how- 
ever, to plant corn with any assurance 
of obtaining seed. It was decided, 
therefore, to use the material growing 
in the field. Self-pollinations were 
made of striped and non-striped plants 
from treated seed and of plants from 
control seed. Reciprocal crosses were 
made between striped and _ control 
plants. The yield was cut severely by 
extreme drouth, but a few ears were 
harvested. Seedling tests from the 
controls first showed that the samples 
of two of the three varieties contained 
a high proportion of plants heterozy- 
gous for a recessive striping. This 
striping is practically indistinguishable 
in young plants from that induced by 
heat. The third variety was almost 
entirely eliminated by the drouth. 
The original stock of seed for each 
variety was obtained from only a few 
ears. It appears that in each of the 
two variety samples at least one ear 
had been included which came from a 
plant heterozygous for recessive strip- 
ing. Control plants and striped and 
non-striped plants from the treated ser- 
ies produced approximately equal pro- 
portions of striping in seedling progenies 
by self-fertilization. The evidence is 
therefore against rather than for the 
assumption of inheritance of heat-in- 
duced striping through the cytoplasm. 
It is based upon only seventeen striped 
plants, however, some of which had 
only a few faint stripes and none of 
which had striped sectors in an in- 
florescence. Recessive gene mutations 
very probably would not become 
homozygous in the second generation 
because the gametes of maize are 
produced on widely separated parts of 
the plant. It will be necessary to 
carry this material through another 
generation of self-fertilization to test 
for induced gene mutations. 
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HEAT INDUCED STRIPING 
Figure 16 


Maize seedling from heat-treated seed 
showing striping induced by the treatment. 
In the sub-lethal state many of the seedlings 
were all striped. Whether this change is in- 
herited in some instances has yet to be proven. 


As soon as the striping was discov- 
ered in the field a further test was 
planned to confirm the results and to 
gain more definite information relative 
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ENLARGED VIEW OF LEAVES 
Figure 17 


The striping very closely resembles some forms of striping known to be inherited. Treated 
seeds of teosinte, a relative of maize, also produce striped plants, but heat treatment ot barley 
and peanuts produced no visible effect. 


to the duration and intensity of heat 
treatment which might effect striping 
in corn. The seed used for this test 
was the remnant of a one bushel lot 
ot shelled seed which had been re- 
served for other experimentation. This 
sample must have combined at least 
100 ears and therefore should’ be 
fairly representative of the variety. 
Previous tests with more than 1,000 
plants from this variety have shown 
that about ten per cent are heterozy- 
gous for some seedling chlorophyll 
deficiency. In other words about ten 
per cent of the plants, if self-fertilized, 
have progeny segregating for some 
seedling chlorophyll deficiency. 
Twenty selected seed were used tor 
each treatment which was applied as 
described above. The temperatures 
ranged from 60°C. to 83°C. by one 
degree intervals. The time varied 
from one minute intervals at the 


higher temperatures to 30 minute in- 
tervals at the lower temperatures. 
After treatment the seed was planted 
in the greenhouse. The results of 
this experiment, conducted in mid- 
summer, are shown in the accompany- 
ing table. Striping was largely con- 
fined to the higher temperatures. As 
the length of exposure increased the 
per cent of striping also increased, 
usually reaching 100 per cent just 
short of the lethal point. There is a 
marked drop in the per cent of striped 
plants as the temperature decreased, 
regardless of the length of exposure. 
Heating was not continued beyond the 
sub-lethal duration of exposure, how- 
ever, in the temperatures below 70°C. 
It is quite possible that a greater per 
cent striping would have been in evi- 
dence at the lower temperatures had 
the duration of the exposures been 
lengthened. 
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Experiments with Barley and with 
the Peanut 


An experiment with the common 
peanut, Arachis hypogaea, was also 
planned as soon as the striped corn 
plants were discovered. Peanuts could 
be planted at that time with good as- 
surance of producing a normal crop. 
Since the peanut plant is very highly 
self-fertilized, heterozygosity for re- 
cessive chlorohyll deficiency must be 
rare. Chlorophyll variegation, how- 
ever, is rather common in commercial 
peanuts and occasionally pure yellow 
seedlings appear. These deficiencies 
behave irregularly and are believed to 
be of the cytoplasmic type. The pro- 
duction of both gametes in the same 
flower is advantageous in that, if a 
mutant sector occurred, the chances 
of getting homozygous mutant prog- 
eny is much greater than with corn. 
Stadler? has pointed out the advan- 
tage of using a diploid species for 
such experiments. The genus, Arachis, 
has not been sufficiently studied to de- 
termine whether 4. hypogaea is diploid 
or not. Confidence is therefore lessened 
in the conclusions to be drawn from 
this experiment since if A. hypogaea is 
a polyploid species a_ considerable 
number of recessive mutations might 
occur without detection. 

Two strains of peanuts from differ- 
ent varieties were available that had 
been isolated by single plant selection 
three generations back. Both of these 
strains had been closely inspected for 
chlorophyll deficiency in the three 
generations and none had been found. 
A series of heat treatments were 
given to seeds of these strains at 
70°C, The time of exposure was varied 
by four minute intervals and extended 
beyond the lethal point. The only heat 
effect observed was retarded germina- 
tion and growth in the immediately sub- 
lethal series. Approximately 700 pro- 
geny from these sub-lethal series itl 
erown well beyond the seedling stage. 
All of them appeared entirely normal 
in every respect. 

Stadler has proven the suitability 
of common barley, Flordeuim vulgare, 
for measurement of increase in mu- 
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tation rate by short wave irradiation. 
Barley is largely self-fertilized, known 


to the diploid, and its reaction to short 


Wave irradiation is known. ‘Though 
it is practically impossible to grow 
barley to maturity in Florida during 
the summer, it seemed desirable to 
determine if heat treated barley seed 
would produce striped plants and to 


determine the sub-lethal range. Forty 
seeds of high germination per cent 


were used for each treatment. The 
series of treatments ranged from 
605°C. to 82°C. The lengths of ex- 
posure extended beyond the lethal 
point at each temperature. Soon after 
treatment the seeds were planted in 
the greenhouse. No chlorophyll de- 
ficiencies were observed although the 
plants were grown to about the fifth 
leaf stage. 

Since heating seeds of barley and 
peanuts did not produce chlorophyll 
deficiencies as in maize it was de- 
cided to try teosinte which is more 
closely related to maize. Limited 
amounts of poorly viable seeds of the 
two species, Euchlacna perennis, and E. 
mexicana, were available. A small series 
of heat treatments resulted in several 
striped plants from both species. The 
numbers were too small, however, to 
indicate the relative proportions of 
striping in the two. This experiment 
will be repeated soon on a larger scale 
to study the effect of heat treatment 1n 
relation to polyploidy. E. mexicana is 
believed to be diploid and FE. perennis 
tetraploid.t It is therefore interest- 
ing to note at this time that striping 
is ‘easily induced by heat treatment of 
dormant seed of either species. 

The experiments reported here indi- 
cate that heating dormant seeds of 
maize and of both species of teosinte to 
the sub-lethal point will frequently 
cause chlorophyll deficiencies in the 
plants. Efforts to produce similar 
results in common barley and peanuts 
have failed entirely. No explanation 
of these differences appears at present. 


Inherited Effects 


Studies of the inheritance of effects 
of heat treatment have been limited 
generations of 
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corn and peanuts. The results are all 
negative, or inconclusive due largely 
to unsuitability of the material for 
such studies or to lack of knowledge 
of the cytology and genetics of the 
material. White stripes in mature 
corn plants grown from heated seed 
indicate that heat may cause changes 
in the living cell of such fundamental 
nature as to preclude entirely the ap- 
pearance of chlorophyll. Such changes, 
however, do not prevent the cell from 
erowing and dividing. The deficiency 
is frequently if not always transmitted 
to daughter cells. The possibility 1s 
thus suggested that changes in the 
cell induced by heat may also be 
transmitted through the gametophyte 
to the next sporophyte 

In future experiments the effect of 
heat on gene mutation and chromo- 


some irregularity will be of major 
importance. According to present 
conceptions any treatment of seed 
which caused chlorophyll deficiencies 
in the immediate plants by affecting 
the chromatin could do so only in 
plants heterozygous for recessive 


chlorophyll deficiency .~ Inactivation of 
the dominant gene in any manner 
would allow the recessive allelomorph 
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to become evident. The results with 
corn reported in the accompanying 
table show every plant striped in 
many of the sub-lethal series. Since 
very little more than ten per cent of 
these plants could have been heterozy- 
gous for any chlorophyll deficiency 
the obvious conclusion is that most of 
the striping is due to direct effect on 
the cytoplasm. Inheritance of heat 
induced chlorophyll deficiency through 
the cyptoplasm is also of great inter- 
est. If it can be demonstrated it will 
become desirable to investigate from 
this standpoint the origin and inheri- 
tance of variations in chlorophyll in- 
tensity in closely related strains such 
as inbred lines of corn. 

Experiments are now in progress 
with appropriate strains of corn and 
with common barley to study the 
effect of heat treatment on rate of 
gene mutation and on chromosome 
deficiencies. The inheritance of chloro- 
phyll variations through the cytoplasm 
is also being investigated. It is hoped 
that plants will be secured with de- 
ficient sectors in ear shoots and tas- 
sels so that specific breeding tests on 
these sectors may be conducted. The 
results of these experiments will be 
presented in a later report. 
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+ The probability of mutation of both genes of an allelomorphic pair within a given cell 


is assumed to be too small for consideration. 
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A Three-Coated Sheep 


In Nature (London) for January 23, 
1932, Doctor Albert S. Barker, of the 
University of Leeds, discusses the con- 
stitution of the pelt of a species of 
sheep from Central Asia, Ovts astore. 

With rather wide variations, the coat 
of the domestic sheep is considered to 
be made up of two kinds of hair: Long, 
fibrous hair, and fine wool. In the 
various breeds the proportion of these 
differ and the classification of the 
breeds, on the basis of these two hair 
types, has offered difficulties which it 
appears that Ovis astore may help to 
solve. In this species there are three 
types of hair: respectively, a long white 
fibre; a short black or dark brown 


Pity the Definer 


Editor, The Journal of Heredity, 
Washington, D. C. 


DEAR SIR: 

I was interested in reading ““A Glos- 
sary of Genetic Terms” in the Novem- 
ber Journal. I think they are a very 
poor set of definitions and if taken at 
their face value would make “confusion 
worse confounded” in genetics which is 
already bearing an overload of fairy 
tales which have no foundation in scien- 
tific biology. Here are my reactions to 
a few of the definitions: 

Autosome — Definition incorrect —- 
should be: Any chromosome except an 
allosome (or except the allosomes). 

Chromosomes—General term for au- 
tosomes and allosomes. The chromo- 
somes are not made up of genes, but 
linin and chromatin. The chromatin 
material or the linin may have heredit- 
ary potentialities or genes. See Johan- 
sen’s definition who introduced the word 
gene. 

Diploid—Poor definition. In certain 
cases we know that the chromosomes 
are not “‘paired” in the somatic tissues. 


They are paired in the reduction divi- 
sion stage. 


fibre; and fine wool. The genetic rela: 
tions of these three hair types is being in- 
vestigated, but no data are yet available. 

In connection with the breeding of 
Karakul sheep for fur production this 
discovery may be of some importance. 
It is known that crossing the Karakul 
on breeds having predominately fine 
wool does not produce nearly as satis- 
factory a fur as crosses with the coars- 
er wooled breeds. If the kinds of fibre 
in the pelt of Ovis astore are found to 
be independent in inheritance, as is 
quite possible, the presence of genes 
for one or the other type of fibre might 
be of great importance in fur sheep 
production. 


v 


of Genetic Terms! 


Gamete—a poor definition—Either 
sex may have reproductive cells regu- 
larly which are never gametes. “Sperm 
or ovum in animals, pollen grain or 
ovule in plants.” This statement is the 
height of absurdity. The ovule is a 
sporangium with thousands of cells. 
The pollen grain is a male gametophyte 
which may have as high is forty or 
more cells and in some cases produces 
16 spermatozoids. It is no wonder that 
geneticists get exceedingly muddled 
when dealing with such subjects as 
Xenia, ectogony, etc. 

Homologous. This is a very poor and 
misleading definition. The bodies of 
many plants are haploid, as mosses, 
liverworts, numerous algae, gameto- 
phytes of ferms, ete. 

Meiosis. Another misleading defini- 
tion. Reduction has nothing to do di- 
rectly with gametogenesis. It often 
occurs at the time of the germination 
of the zygote. In the higher plants it 
precedes the formation of the spores a 
whole generation ahead of the time of 
gametogenesis which occurs in a haploid 
individual. In some of the algae and 
in the metazoa, reduction precedes 





gametogenesis. 
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Microspore. Pollen. Wrong again. 
\ microspore is an uninucleate cell 
‘rom which the pollen grain develops. 
(he pollen grain may have dozens of 


cells. 
Mutation. Poor definition. Not good 
neglish. 


Parthenogenesis. A hazy definition. 
There are plenty of “germ cells” never 
intended to be fertilized, like the spores 
or a moss or fern for example. 

Sex-linked. There is no such “crit- 
ter.” What is intended is allosome- 
linked in contrast to autosome-linked. 
(ne can see how absurd the term be- 
comes when he sees a case of sex re- 
versal and the given allosome is then 
in an individual or tissue of the oppo- 
site sex from the usual. 

Somatic. A poor definition. The 
chromosomes are not “paired” in the 


soma, they are in meiosis. Somatic 
refers to the body not “resembles the 
body.” 

Sporophyte. The sporophyte is not 
a ““‘phase.” It is a generation. The spor- 
ophyte gives rise to spores from which 
the gametophytes develop. The gamet- 


ophytes are produced in the sporangia 


higher 


, 


in the 
‘flowers.’ 


plants, not in the 


Zygote. Poor definition. In some 
cases there are not differentiated sperms 
and ova. Nor is there necessarily a 
“new individual in the single-cell stage.” 
In many cases the zygote undergoes re- 
duction on germination and the ‘“‘indi- 
vidual” following 1s haploid. 


Sincerely yours, 


JoHN H. SCHAFFNER, 
Research Professor, Ohio State Univevsity. 


vW 


In Reply to Professor Shaffner’s Criticism of 
Definitions of Genetic Terms 


INCE having undertaken to publish 

a glossary in each issue of the 
JOURNAL, the Editor has been confront- 
ed with a number of criticisms—some 
constructive, some destructive, most of 
them different, and all of them right. 
This situation demonstrates the difficul- 
ties of such an undertaking, but it also 
emphasizes the need for such a glossary, 
so in spite of Bricks and Bouquets 
(Dr. Schaffner may be surprised to 
learn there have been some of the lat- 
ter!) the glossary is being continued. 

Attention should be called at the out- 
set to the fact that these definitions are 
intended for rather a special purpose. 
in the first place they are genetic defi- 
nitions. From a histological or cytologi- 
cal point of’ view, chromosomes may be 
made up of linin and chromatin ; never- 
theless in the present state of our 
knowledge, the chromosome is, from 
the genetic point of view, also made 
up of genes. At least the genes ap- 
parently form an essential part of the 
tructure of the chromosomes; and 
they are arranged in an orderly fash- 


ion. Ina brief genetic definition of the 
chromosome this is the essential point. 

Since these definitions are planned 
as a glossary for specific articles rather 
than for dictionary use, the terms are 
defined with an eye to rather special 
circumstances. It is quite possible, 
though lexicographically deplorable, 
that the definitions may vary in dif- 
ferent issues to conform to the vary- 
ing meanings used by different authors. 
Professor Schaffner’s communication 
demonstrates this point, and when we 
have an article on the genetics of ferns 
or mosses a complete new set of defi- 
nitions may be required. These defi- 
nitions would not serve for a discussion 
of the genetics of fruit-flies, maize or 
men, or of most of the organisms on 
which extensive genetic research has 
been done. 

Another important point which Pro- 
fessor Schaffner overlooks is that the 
definitions must be in a form to be as 
readily intelligible as possible to people 
with an average biological vocabulary, 
such as we would expect to be pos- 
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sessed, say, by a chemist or physicist 
member of the American Association 
for the Advancement of Science. The 
definition of an autosome in terms of 
allosomes is ‘seen, for this reason, to 
fail entirely to meet the requirements. 
While neither ‘‘autosome”’ or “‘allosome”’ 
is in the latest edition of Webster's 
New International Dictionary (even 
under ‘“‘new words’), “autosome”’ is 
much more widely defined and discussed 
in genetic and cytological texts than is 
“allosome.” We would be guilty of in- 
tellectual Pharisaism in its worst form 
if we furnish our readers with a 
‘“euide to genetic terms,” and give them 
such stones as “allosomes” for the 
bread of interpretative explanation. 
As an example of the difficulties of 
such definitions may I comment on the 
criticisms involving “ovum” and “egg.” 
In mammals, an ovum is a sex cell. 
Plants do not in accepted botanical 
parlance have ova, but their ovules are 
not sex cells. One cell in an ovule is 
a sex cell; this cell is the egg. Return- 
ing to animals again, the avian eqgq is 
not a sex cell; by the time it reaches the 
breakfast table it is a zygote with frills. 
Thus to define a gamete as an “‘ege”’ is 
both right and wrong. To define an 
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ovule as a gamete is, unfortunately, 
always wrong. The carry-over from 
ovum, after struggling with a numbe1 
of such complexities in definition, is 
not difficult to explain. When it is also 
considered that limited time is available 
on account of the exigencies of publica- 
tion, the explanation for some of the 
slips in earlier glossaries is not hard 
to find. Just as an indication of the 
difficulties of catching such errors ‘on 
the run” I may say that these defini- 
tions were read before publication, but 
not critically pondered over, by four 
competent biologists. After publication 
all of them readily admitted the correct- 
ness of some of Professor Schaffner’s 
objections, though not of all. 

Detailed discussion of all of Pro- 
fessor Schaffner’s criticisms is hardly 
required ; some of them we find are not 
shared by geneticists generally, and 
some of them seem to us rather hyper- 
technicalities. At the present time 
genetics deals much more with the high- 
er plants and animals than it does with 
ferns, mosses, and algae. To bring in 
the alternating “generations” of the 
cryptogams is needless confusion with 
many genetic problems. 

ROBERT Cook. 


Preservation of Specimens and Standardization of Measurements 


METHODEN ZUR KONSERVIERUNG 
VON ORGANEN AND GANZEN_ OR- 
GANISMEN (Methods for preserving or- 
gans and whole organisms), by G. SCHMEI- 
DEL; ANTHROPOLOGISCHE MESSUN- 
GEN AM LEBENDEN MENSCHEN 
(Anthropometry of living humans), by R. H. 
Post. Abderhalden’s Handbuch der _ biologi- 
schen Arbeitsmethoden, Abteilung VII, 
Methoden der vergleichenden morphologischen 
Forschung, Teil 2, Helt 2. Price, 4.80 marks. 
Urban & Schwarzenberg, Berlin and Vienna, 


1931. 

This 362nd issue of Abderhalden’s 
encyclopedia of biological methods con- 
tains a short summary of the methods 


for preserving organs and whole speci- 
mens, chiefly for museum purposes, and 
a critical review of the more important 
methods now in use for taking anthro- 
pometric measurements of humans. 
Post’s report on anthropometric meth- 
ods was carried out for the [Eugenics 
Society as on attempt to demonstrate 
the necessity of an international stand- 
ardization of these methods. Nobody 
who reads this report can doubt the 
urgent need of such standardization. 


WALTER LANDAUER. 
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POPULATION TRENDS IN VERMONT 


HE fifth annual report of the 
Eugenics Survey of Vermont has 
recently appeared—an 85-page 
‘lustrated booklet that bears on a very 
important eugenic problem, “Selective 
\ligration from Country to City.* 
(here has been much talk about the 
drain on the country of our increas- 
ingly urban civilization, buttressed with 
no little evidence, much of it unfortu- 
nately circumstantial. This eighteen- 
month study of three Vermont rural 
communities presents first-hand infor- 
mation of just how the present move- 
ment of population is affecting our 
racial stock. By taking part in the 
social life of three villages and by refer- 
ence to tax lists, etc., the workers who 
compiled this material have attempted 
to find out about every person who 
moved into or out of these communities 
during the preceding twenty years. 
Vermont is in some ways an excep- 


tional state for such a study. Its en- 
tire population only a little greater 


than that of Rochester, N. Y., in every 
census since 1850 approximately forty 
per cent of native Vermonters have 
been living in some other state. Im- 
migration into the state has been slight, 
in fact it is probably the only state in 
which proportion of immigrants has 
not changed for a century. Seventy- 
one per cent of the entire population is 
native to the state—a unique situation 
in this restless land. Thus Vermont 
presents an unusual opportunity to find 
what is the effect of long-continued 
drain on a stock that has been changed 
by immigration but very little. 

Even in Vermont, predominatingly 
rural as it still is, the trend has been 
towards the cities. “The only increase 
in the state since 1830 except for one 
decade has been due to the increase in 
the ten towns whose population ex- 
ceeds 5,000.” In spite of an agricul- 


—— es 


tural population reduced in numbers, 
the value of agricultural products has 
increased, and the average well-being 
of those remaining on the land has im- 
proved. Economically this seems a de- 
sirable situation, but racially it may be 
quite the reverse, if the leaders tend to 
be continually recruited to the cities, 
and to other states. 

The background of the study is three 
townships, fictitously called “Pomona,” 
“Beaufield,”’ and “Sylvania,’’—respec- 
tively a self-sufficient urbanized little 
farming community, a farming town of 
a high average type, and a mountain 
township in the western part of the 
state, very sparsely settled. The peak 
of population in all three towns was 
reached in 1830-50. Then Pomona 
had a population of 1,084, Beaufield of 
1,264, and Sylvania 1,606. Now the 
score of inhabitants stands 725, 627, 
and 563. All these rural townships 
have shrunk until they are from one- 
third to two-thirds their former size, 
and this during a period when the 
population of the United States has in- 
creased from 23 million to 122 million, 
or over five times! 

Even in a brief résumé it is hard to 
resist at least a glance at the three 
towns: 


POMONA. Of first importance to a com- 
munity is that its members are able to earn a 
living and provide for their dependents. In 
Pomona there is little question about this 
ability among the majority of the people. 
The average income of its farmers leaves 
little net profit but is sufficient to provide a 
comfortable living. Business men and wage 
earners in the village also earn a fair living, 
wage earners being considerably better off 
than they are in Beaufield and Sylvania. No- 
body is “on the town.” Considering the re- 
sources of the valley and the economic con- 
ditions in agricultural areas, the people of 
this town show good ability to earn as 
much as they do. 

The homes that Pomona residents provide 
for their families are, with but few excep- 





__ ™Fifth Annual Report of the Eugenics Survey of Vermont: Selective Migration from 
lhree Rural Vermont Towns and its Significance. University of Vermont. Burlington, 1931. 
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tions, very comfortable. Electricity, running 
water, and modern plumbing are in nearly 
every home. Up-to-date books and maga- 
zines that are not in the homes are to be 
had at the fine town library. Some of the 
old retired farmers are a little concerned 
about the way in which their sons run the 
old family farm. In their day it was a mat- 
ter of work from sunrise to sunset with lit- 
tle thought for anything beyond the im- 
mediate problem of earning a living for their 
families. But their sons do not believe in 
working such long hours, insist on modern 
conveniences and comforts, and even take a 
day off occasionally to motor with their 
family on a holiday, reflecting in this way 
the improvement of the farmer’s lot and the 
change in his attitude toward life. 

The people of Pomona have undertaken a 
big task in order to give their children the 
best advantages of education. The town was 
one of the first to organize a consolidated 
school in the village where the children 
could be sure of good instruction. Even 30 
years ago it was possible to obtain two 
years’ high school in town. Now a four- 
year course is available. The maintenance of 
such a school has not been without difficul- 


ties. The cost and upkeep is greater than 
anticipated and the taxes, therefore, are 
high. The difficulty of bringing the children 


in from remote farms and the effect that a 
centralization of education has had upon the 
remote districts which have become depleted 
since the closing down of district schools, 
has arounsed criticism among some _ people. 
sut in spite of difficulties the fine con- 
solidated school continues. * * * * 


BEAUFIELD. The ability of the people 
of Beaufield to provide a living for them- 
selves and their dependents is on a_ level 
practically parallel with that of Pomona. 
For farmers, incomes range even higher in 
Jeaufield than in Pomona, but the average 
income in Beaufield is a little lower. The 
wage earners and business men earn some- 
what less than do those in Pomona. But 
this is due largely to the purely farming as- 
pect of Beaufield compared to the urban as- 
pect of Pomona. Homes are maintained on 
as high a level as those in Pomona except 
for the fact that fewer homes in Beaufield 
are equipped with electricity and modern 
conveniences. 

The children of the town receive their 
education in the eight district schools of the 
town which provide the elementary school 
courses. To obtain high school training it 
is necessary to go to Norton. Outside of 
the schools, however, the only organization 
that cares for the interests of the children of 
the town has been, until very recently, the 
C. A. R.—Children of the American Revolu- 
tion. Such an organization, fine as it is, 


can serve the needs of only a small group 
not particularly 


in the community and _ is 
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suited to bringing together children of ol 
residents and those of foreign-born immi. 
grants. The 4-H Club, the one club whic!) 
does serve the need of all children of the 
farming community, has only very recent]: 
been organized because of the difficulty oi 
finding a leader willing to carry on th 
work. There is no organized recreation. 


SYLVANIA. Sylvania is different. Its 
people are not driven by the will “to get 
on,” as are the people on the other side oj 
the mountain. For them “to be content” 
means much more than “to get on.” Earn- 
ing a living is something of a haphazard at- 
fair for most people in the town. Few work 
at steady jobs or own private businesses such 
as store, garage or woodturning factory. 
Few, too, persist at farming. Most of the 
townspeople have long since decided that to 
work as hard as the farmers of the town 
do to earn so little, isn’t worth the effort. 
They prefer rather to raise “just enough for 


ourselves’ and earn their living by other 
means than farming. 
The ways in which these citizens earn 


their living illustrate the ingenuity of man in 
competing with nature. In the spring they 
usually tap maple trees on their “farms” and 
boil down maple sugar to sell. During the 
summer and fall many go ferning. This has 
been quite an industry for many _ years. 
Sometimes a “boss” rents a whole side of a 
mountain and hires men and women to pick 
a special variety of fern which he ships to 
florists in Boston, or else people do this “on 
their own.” For every neat bunch of twenty- 
four fresh, perfect ferns twelve inches long, 
the pickers earn one cent. On an especially 
good day fast pickers occasionally earn as 
much as six dollars but the average daily 
earning is nearer three dollars. In the win- 
ter there is little work to be had except 
occasionally to cut some timber and sell a 
few loads of wood. 


There are other ways of earning a living. 
People on remote farms beyond the area 
served by a school district sometimes have as 
their chief source of income the money paid 
them by the town for driving the children 
back and forth to school. It is said that 
some people even choose to live at a con- 
siderable distance from school so that they 
may be assured of this steady income. Then 
there is always work at repairing and main- 
taining the roads. This is a highly desired 
job because it means more or less steady em- 
ployment during the summer and a steady 
wage of $2.75 to $3.00 per day. Fortunately 
the flood of 1927 did considerable damage in 
the town, and the repairing of roads, the 
building of bridges and the rebuilding of the 
West River railroad that runs through the 
town have provided employment for many 
people ever since. Now that this work 1s 
nearly completed it seems uncertain what 
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Movement from 


ie people will do next unless lumbering 
ooms again. * * * * 

The immigration into Sylvania appears to 

of a different character from that into 
Pomona and Beaufield. It is not an immi- 
ration of people of somewhat inferior stock 
is is the tendency in Pomona, or of foreign 
tock as in Beaufield, but rather it tends to 
be an immigration of able but maladjusted 
eople. The impression that newcomers give 
is that they are running away from life and 
that Sylvania has provided them with the 
means for escape. Some of these are people 
who have “come in the night” to Sylvania, 
to find there freedom from interference. 
\lany who come are well-educated people, a 
few even talented. Of two brothers who 
have come in with their families, one is an 
accomplished violinist, the other a clever car- 
toonist. After wide traveling, they have 
chosen to make their homes on worthless 
hack farms of Sylvania. Religious extremests 
find a haven here. Near Grand Falls two 
families still remain of a former colony of 
Seventh Day Adventists. These two families 
maintain a church in which room is made 
for a school. Here five children are in- 
structed without supervision by an Adventist 
mother who teaches geography according to 
the location of Missions of Adventists through- 
out the world. Nearby on a lonely farm lives 
a Finnish woman of rare character who after 
vears of hard work in New York and other 
cities has bought herself this piece of land 
which nothing could induce her to _ leave. 
Numerous examples such as these cannot fail 
to convey the impression that these people 
have found a means of escape in Syl- 
vania * * * * 

But these are instances of maladjusted 
people, who after all are not many in the 
entire population of the town. The average 
citizen of Sylvania is a fine type and a 
choice character that is all too fast disappear- 
ing. Among representatives of well-known 
families in town are direct descendants of 
Vermont’s hero, Ethan Allen, and representa- 
tives of the families who in the past have 
given to the country Presidents Pierce and 
Taft. The descendants of these and other 
illustrious families are still among the out- 
standing people in town. Only a detailed 
study of each of these families might tell the 
extent to which the members who have re- 
mained in Sylvania stand above or below the 
average for all the members of each family, 
in ability and energy. 


The people of the three communities 
are all “different” in a different’ way, 
are they not? Why? Were they to 
be interchanged would they remain the 
same ? Probably not, but there is no 
Way to get a definite answer to this 
question which is so fundamental in 
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studies of heredity and environment. 
A few sets of identical twins, or better, 
triplets, distributed in the three towns, 
and observed for twenty years might 
give us a positive answer of great value. 

In conclusion it was found that the 
emigration has largely been made up of 
young people, and by changes due to 
the type that immigrated to replace 
them. The declining population of 
the communities has tended to increase 
consanguineous marriages, not neces- 
sarily an evil. The fact that the 1mmi- 
erants average of a rather poorer stock 


is unfortunate. The size of family in 


these towns today is small—2zZ.5  chil- 
dren the average for the three towns, 
about a child less than the number ne- 
cessary to maintain a stationery popu- 
lation. Thus a still further decrease in 
the size of these towns is to be ex- 
pected. 


The following recommendations con- 
clude the report: 


To maintain people of fine stock in the 
rural communities two conditions are most 
essential. One is that in the rural sections 
which are fertile and well suited to cultiva- 
tion conditions be so improved that people 
who really love the land are encouraged to 
remain. The other is that in the rural sec- 
tions where the land is poor and little suited 
to cultivation the people be encouraged to 
leave for more progressive communities, lest 
deterioration in the quality of the stock of 
future citizens occur. 

One line of action that is necessary to hold- 
ing a fine class of people in the rural com- 
munities is that both the economic and social 
conditions of the farmers in the good rural 
sections be improved. Economic improvement 
for Vermont farmers can be brought about 
by greater cooperation in marketing, and by 
producing and selling products of only first 
class quality—for Vermont’s future pros- 
perity lies not in the quantity but in the 
quality of its products. Amelioration in the 
social life can come only through better rural 
schools, improvement in rural health condi- 
tions, and in means to enjoy comforts and 
modern conveniences. Such improvements 
will do much to encourage people of fine 
character, who really love the land, to re- 
main in the rural communities; and only 
when such improvements have been made can 
the people be encouraged to raise larger 
families so that the same fine quality of 
stock may always be represented in the rural 
towns of the state. 

The second line of action is, if anything, 
more important than the first. It is that the 
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State encourage people who live on marginal 
land to move to the more progressive com- 
munities of the State by taking over all 
marginal land. This of course would demand 
first a careful study of each township to de- 
termine reorganization on the basis of the 
uses for which land is best suited. It may 
appear at first a costly program, but in the 
long run .it will repay a hundred fold in 
human values even more than in land values. 
Deterioration can take place only in poor 
isolated communities where the potential 
capacities of the people are not challenged 
into use. If then Vermont wishes its future 
citizens to have the same fine qualities of 
character that marked the early builders of 
the State, it must pursue a line of action 
that will prevent deterioration from taking 
place by providing a social environment that 
will continue to bring out all the fine quali- 
ties in the character of the people. 


The recommendations are almost 
truisms—and yet, are they in the best 
interests of the race? Is it possible 
that instead of discouraging the mar- 
ginal groups they should be encour- 
aged? We know from reams of. sta- 
tistics what happens to birth-rates when 
a people are fattened. People on “mar- 
ginal” farms made Vermont a great 
state; people whose economic condi- 
tion, in many cases, was incomparably 
worse than that on the marginal farms 
today. Perhaps these marginal people 
are the state’s last hold on greatness if 
the drain of the cities is as fatal as 
some believe. “Sylvania is different’’ 
the investigators report. In that “dif- 
ference” one senses real human quali- 
ties—priceless qualities that might be 
lost by a process of buying out the 
marginals. Perhaps there is deteriora- 
tion there too, but is it possible that it 
is not as rapid under hard conditions 
as under easy? We do not know, but 
it may be suggested at least that foster- 
ing the marginal ruralist through help- 
ing him to help himself, not rooting 
him out, is the most enlightened pro- 
ceeding racially. At least it has the 
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advantage of doing no harm. Some- 
thing keeps some of these people on the 
farm besides “degeneracy,” or ‘“back- 
wardness” even, and this quality may be 
racially without price. We are doing 
so much to eliminate our priceless 
‘“‘primatives” that any movement that 
may hasten the process, especially in 
the name of eugenics is altogether to 
be deplored. Economics is, as recent 
events have proved, bankrupt as a 
science. To attempt to apply “economic 
principles” to problems of racial wel- 
fare is to invite disaster. 


In spite of these doubts as to the 
wisdom of the elimination of the ‘‘mar- 
ginal” rural dweller, the fifth report of 
the Vermont Eugenics Survey is an 
extremely interesting document. Its 
frank attempt to “straddle” the techni- 
cal and lay interests is to be com- 
mended. We need more research in 
human heredity reported in a way that 
is intelligible and interesting to a wider 
circle of people; for a eugenic program, 
to be effective at all, must go deeper 
than “encouraging” people to have large 
families. This never-ending battle of 
births and deaths which determines 
whether we go up or down in the scale 
of culture and life, must be brought 
home vitally to a much large propor- 
tion of our averagely superior people. 
If this is done perhaps some of the 
problems will solve themselves. This 
survey is a document that would be a 
revelation to many intelligent people 
who still are blissfully ignorant that 
such problems exist. There are millions 
who have never even heard of heredity 
in an enlightened sense 
not morons by any means. That this is 
the case is something of a reflection on 





those who do have the knowledge. The 


tragedy is that this report will probably 
reach so few. 
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LINKAGE OF GENES FOR CREST 
AND FRIZZLE 


In the Domestic Fowl 


A. D. SuTTLe and G. R. SIpr * 


HE subject of genetics is con- 

stantly being more closely inter- 

woven with poultry breeding as 
more investigators test the principles 
of genetics relating to inheritance in 
the domestic fowl. 

Probably the first phenomenon to be 
studied was that of sex linkage as re- 
ported by Cushman*. He mated In- 
dian Game males to Barred Rock fe- 
males and noted that the sons were 
barred, while daughters were free from 
barring and largely black in color (see 
Jull!?). Cushman did not explain 
this mode of inheritance, but in 1908 
Punnet, Bateson and Spillman’® ex- 
plained this type of inheritance of 
barring on the basis of a sex linked 
character. Since the publication of the 
work of these investigators several 
others” 7 14-16 have demonstrated this 
type of barring inheritance, in this and 
other breeds. 

A recent phenomenon to be discov- 
ered was that of linkage in poultry, or 
a tendency for certain characters of 
one individual to remain together in 
later generations. As yet there is not 
much information available on this 
subject, and little exact data—Goodale® 
and Haldane’, in connection with poul- 
try genetic studies, showed the exis- 
tence of linkage in poultry. Jull™! and 
Parkhurst! concluded from an extend- 
ed study that there was a_ positive 
correlation between early maturity and 
annual egg production. Hays® found 
early maturity to be inherited. Dunn 
and Jull® in their inheritance studies 
in the fowl concluded that the genes 
lor hernia and dominant white are 
closely linked. Landauer!® and Dunn? 


ee 


as well as Serebrovsky'’ found evi- 
dence of autosmal crossing over in te- 
male fowls. 


Linkage of Crest and Frizzle 
Characters 


It seems desirable to report the re- 
sults of some preliminary work started 
in 1925, as the stock dealt with herein 
traced to this source. The summary 
follows: <A frizzle male mated to 
White Leghorn females and a White 
Leghorn male mated to frizzle females 


gave six normal and _ four frizzle 
chicks. Another mating of  frizzle 


males with normal females gave one 
frizzle to one normal chick. Two of 
the females in the latter group showed 
a distinct crest. From the progeny of 
the above matings several pens were 
made up as follows: 


Pen No. 1. Normal F, female and 
frizzle male. 

Pen No. 2. Normal F, female and 
male. 

Pen No. 3 consisted of frizzle male 


and females, some of which were the 
progeny of the above matings and 
some purchased, one of the chicks pur- 
chased being a crested female. 

Pen No. 4 was made up of normal 
females and the same frizzle male 
which was used in the previous mat- 
ings. 

The purpose of this investigation 
was to determine, First: whether or 
not a strain of frizzle fowls could be 
produced that would breed true; Sec- 
ond: The genetic behavior of the gene 
for frizzle feathers; Third: The gene- 
tic behavior of the gene for crested 
head; and Fourth: The relationship of 
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the genes for frizzle feathers and 


crested head. 
The results of these matings is given 


in Table I. 


This count was made while the in- 
dividuals were rather young and prob- 
ably is not as accurate as the later 
counts. As the male birds, except one 
frizzle-crested male and the two crested 
males, were sold, the results could 
not be rechecked. It was observed that 
at maturity there were twelve crested 
females from this group which indicates 
that four of the birds which had been 
classified as non-crested actually devel- 
oped crests. Also four females from 
the group the year before were added 
to these twelve, making a total of 16 
crested frizzle females. This seemed 
entirely too large a number in compari- 
son with only two crested females with 
normal plumage. It was’ therefore 
suspected that there must be a linkage 
between the characters for  frizzle 
feathers and crested head. Pen No. 3 
gave what was thought to be two kinds 
of frizzle, namely, homozygous and 
heterozygous. The description of these 
two birds will be taken up later. 


After breeding some of what were 
thought to be homozygous frizzles, it 
was evident that the birds that were 
heterozygous for the frizzle character 
could be separated phenotypically from 
those that were homozygous. All birds 
were heterozygous for the crested 
character. Sixteen of these frizzle, 
crested females were mated with two 
White Rock males. The two normal 
crested males were mated with normal 
hens. The homozygous frizzles were 
penned separately to insure complete 
isolation. It was certain that the six- 
teen females selected and mated to 
White Rock males were heterozygous 
for both crest and frizzle genes, the 


of Heredity 








ey fF + 


FOWLS USED IN MATINGS 


Figure 18 


Above Crested heterozygous frizzle male 
and normal Barred Rock female; below a 
normal Barred Rock male and a crested 
heterozygous frizzle female. The frizzled 
fowls could be recognized shortly after hatch- 
ing, but the crest could sometimes not be de- 
tected until maturity. 


TABLE I—Results of Crosses Made in 1925 




















Normal Normal Frizzle Frizzle 
Non-Crest | Crested |Non-Crest Crest Total 
2 6 | Q 6 | Q ) 2 ry 
Pen 1 (Normal Fi 9 x Frizzle ¢ ) 3 l 5 9 
Pen2 (Normal Fi9 x Normal Fi¢) 6 3 9 
Pen 3 (Frizzle 9 x Frizzle ¢ ) 4 ai ft 1 | 6 4 (Sex? 22 
Pen 4 (Normal 9 x Frizzle ¢ ) 10 6| 2 212 3 7 1 3 
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TYPES OF FEATHERING 
Figure 19 


1—Normal; 2—Crested; 3—Frizzle; 4—Frizzle Crested. 


above mating being equivalent to a 
back cross. From this group about one 
hundred chicks hatched, but only thirty 
survived. The count was very definite 
in the normal group so far as the 
crested character was concerned. There 
was never any difficulty in distinguish- 
ing frizzles from normals, but in the 
early stages of the work there was 
some difficulty in detecting the crest in 
the frizzle group, especially in the 
males. This probably accounts for the 
discrepancy shown in Table II. This 
difficulty in detecting crest was largely 
overcome with experience. The count 
tor this group is given in Table II. * 

From the homozygous group select- 
ed from pen 3, about thirty individuals 
grew to maturity; and, with one pos- 
sible exception, all were true to type, 
showing that they were homozygous 
for the frizzle gene. The exception 
was a red crested bird, which was at- 
tributed to an incorrectly marked egg 
being placed with a group of eggs 
known to have been laid by a homozy- 
gous female. In a cross between crest- 
ed males and normal females thirty- 
three chicks were raised, fourteen of 


“TABLE Il—Progeny Resulting frem mating 16 
Crested Frizzle females with two White Rock 


males. 
NORMAL FRIZZLE 
Non-crest Crest Non-crest Crest 
13 5 8 4 


which were normal and nineteen crest- 
ed. The homozygous birds mated 
inter-se gave homozygous exclusively, 
showing that they were genotypically 
pure. The heterozygotes are shown 
in the tables below.7 


The distribution shown in Tables III 
and IIIA indicates that the gene for 
crest and the gene for frizzle must be 
in the same chromosome, some 28.48 
units apart. The most unusual and in- 
teresting feature of the results is the 
fact that both female and male Fy,’s 
show identical percentages of cross- 
ing-over. This fact, so far as we 
know, is the most conclusive evidence 
of crossing-over in the autosomes of 
the female fowl. The results indicate 
that the crossing over in the male and 


TTABLE Ill—Heterozygous frizzle crested male x 
normal females. 


NORMAL FRIZZLE 
Non- Non- 
Crest Crest Crest Crest 
Expected 20.25 20.25 20.25 20.25 
Observed 33 9 13 26 


TABLE I11!A—Normal male x< Heterozygous friz- 
zle crested female. 


NORMAL FRIZZLE 
Non- Non- 
Crest Crest Crest Crest 
Observed 28 11 12 26 
Expected 19.25 19.25 19.25 19.25 
Observed 61 20 25 52 


Expected 39.5 39.5 39.5 39.5 
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in the female are identical. The actual 
counts show a percentage of 27.16 in 
one instance and 29.87 in the other. 
The probability for such a deviation 
from a 1:1 ratio is only one out of 
1,923 trials. It is, therefore, apparent 
that the gene for frizzle and the gene 
for crest are linked and are approxi- 
mately 28 units apart. 


Characteristics of Homozygous 
Frizzles 


An interesting feature, probably of 
more practical importance, is that a 
pure breed of frizzle birds has been 
isolated and that this strain is both 
phenotypically and genotypically dif- 
ferent from the heterozygotes, or com- 
mon frizzles, seen in so many negro 
yards in the South. This agrees en- 
tirely with Hutt’s report,’® that homo- 
zygous frizzle fowls do not die in the 
egg, but may be had as a pure strain 
of true breeding frizzles. 

The pure frizzles are much smaller 
than either the heterozygotes, or the 


normals, as shown by the weights in 
Table 4. 

The degree of frizzling in the homo- 
zygous birds is as far beyond the het- 
erozygous frizzle as the heterozygous 
frizzle is beyond the normal. The fea- 
thers are more intensely curved and 
the barbs are decidedly more curled 
than in the heterozygous birds. The 
absence of barbs in the secondary fea- 
thers is more pronounced and the barbs 
are more intensely twisted about each 
other. The feathers over the entire 
body are decidedly smaller, and the 
barbs are so much twisted about each 
other that the birds have the appear- 
ance of being wet. The feathers re- 
semble wool, or hair. The quills are 
decidedly more curved and twisted in 
the homozygotes than in the heterozy- 
gotes. Even though the barbs shed 
more freely from the homozygotes than 
from the heterozygotes, a careful count 
shows that the barbs are equally nu- 
merous and equally close on the quills 
in both homozygotes and heterozygotes. 


TABLE I1V.—Weight of Homozygous Frizzle, Heterozygous Frizzle and Normal Chicks. 















































Date of No. No. No. Average Ratio Ratio Ratio 

Hatch Chicks Chicks Chicks Weight Normal to Hetero. to Normal to 
Homo. Hetero. Normal Homo. Homo. Hetero. 

Feb. 12 2 ye 

Feb. 12 2 3.20 45% 

Feb. 18 5 15 

Feb. 18 6 2.06 

Feb. 18 - 4 2.50 66% 37% 21% 

Mch. 5 4 1.22 

Mch. 5 8 2.20 88% 

Mch. 5 4 2.30 80% 45% 

Mch. 12 5 1.04 —— 

Mch. 12 7 1.70 

Mch. 12 5 1.78 71% 63% 4% 

Mch. 27 4 1.10 

Mch. 27 2 1.50 

Mch. 27 2.20 100% 36% 46% 

Apr. 3 8 1.10 

Apr. 3 3 1.56 

Apr. 3 6 1.85 68% 42% 18% 

Apr. 10 4 1.10 

Apr. 10 K 1.00 

Apr. 10 4 1.40 27% 10% 40% 

Apr. 17 2 60 

Apr. 17 8 1.05 

Apr. 17 7 1.08 80% 75% 02% 

Apr. 24 3 .66 

Apr. 24 

Apr. 24 6 1.03 55% 

Apr. 27 1 1.60 1 
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HOMOZYGOUS AND HETEROZYGOUS FRIZZLES COMPARED WITH NORMAL 
Figure 20 


Showing three homozygous frizzles, one heterozygous frizzle crested, one normal, and 
eS 9 7 & b 


the one heterozygous non-crested frizzle. 


Note size and wet appearance of the homozygotes. 


Also compare size of normal with heterozygotes on each side. The homozygous frizzles are 
two days older than are the other chickens in the photograph. 





RELATIVE SIZES 
Figure 21 


Homozygous. 
trizzle is two days older than the others. 


1: Normal. 2: Heterzygous. 3: 


- 


The structural differences in the fea- 
thers of the different types of frizzle 
birds are carefully given by Landauer 
and Dunn, in this JouRNAL.'? It was 
noted that the quills of the homozy- 
vous birds lost their barbs in summer 
to the extent of leaving the bodies of 
the individuals almost entirely exposed. 
\t times, usually in late summer, the 
quills were so nearly naked of their 
barbs that the bodies of the fowls 
were severely burned by the sun. Even 


Note relative sizes. The Homozygous 


during the winter, the coats of the ho- 
mozygotes are so much reduced that 
two of the hens actually froze to death 
in a model Mississippi poultry house ; 
and a grown cockerel, poorly “coated” 
drowned one night in February upon 
failing to find his way into the house. 
So outstanding were the differences 
between the homozygotes and heterozy- 
eotes that almost any person upon en- 
tering the yard could differentiate the 
two kinds of birds. 
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MATURE HOMOZYGOUS-CRESTED FEMALE 
Figure 22 
Note the peculiar feathers which more nearly resemble hair than true feathers. 


Table IV shows clearly that normal 
chicks with the same feed and under 
the same conditions are considerably 
larger than homozygotes. As a matter 
of fact, they are 66 per cent heavier at 
the same age. It is also true that the 
heterozygotes are 49 per cent heavier 
with the same feed and under the same 
conditions. The normals, however, were 
only 25 per cent heavier than the het- 
erozygotes under like conditions. It is 
hardly accurate to say that the entire 
66 2/3 per cent increase in weight of 
the normal birds over the homozygotes 
was due entirely to the gene for friz- 
zle, because the male bird which sired 
the normal chicks and the heterozy- 


gotes was a well-bred Barred Rock, 
much larger than the homozygous 
males. It is safe to say that he was 
twice as large as the homozygous males. 
The crested frizzle male in Pen 4 was 
also a large bird and was within a 
pound or two of the Rock male. <A 
safer basis for comparison of the size 
of the heterozygotes and homozygotes 
is the weights of the hens in Pen 13 
and Pen 14, where the parentage was 
identical. Here the average weight of 
the 14 heterozygous hens was 4.60 
pounds, while the weight of the homo- 
zygous was only 3 pounds. It is evi- 
dent that the heterozygotes were 55 
per cent larger. Such a difference 1s 
just what one would predict from ob- 
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serving the two types of birds. 
Table VI shows that the homozygous 
eggs gave a 58% hatch, while the het- 
erozygous eggs gave only a 44.31% 
hatch. The eggs for the two types were 
placed in different incubators. In the 
settings of heterozygous eggs of March 
27 the contact points of the incubator 
stuck, causing improper heating: only 
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three chicks hatched from 36 eggs, 


fewer than would have hatched other- 
wise. Under normal conditions the per- 
centage of hatch for the heterozygotes 
would still have been eight per cent less 
than for the homozygotes. On the other 
hand, the percentages of birds raised 
from the hetrozygotes were slightly 
higher than from the homozygotes. 


Summary 


The work on this problem has some 


outstanding features: 


1. That frizzle is a simple Mendelian 
factor incompletely dominant to 
normal feathers. 

2. That crested head is a_ simple 


Mendelian dominant to normal 
head. 
3. The results herewith reported 


show that the genes, for crested 


head and frizzle feathers are in 
the same chromosome about 28 
units apart. 


4. That there is crossing over in the 
autosomes of the female fowl. 
That the gene for frizzle is semi- 
lethal, reducing the individual 
from 25% to 50% in size and a 
considerable amount in vigor. 


cyt 
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Genetics 
Abstracted 


Genes of Mice 


THE LABORATORY MOUSE, by C. W. 


KEELER. Pp. viii + 81. Harvard Univ. 
Press. Cambridge, Mass. 1931. 


N an interesting booklet of some 

seventy-five pages, Dr. Keeler pre- 
sents the main facts of the genetics 
of the domestic mouse, Mus musculus. 
The author sets himself the task of 
presenting his data in “a usable form” 
and succeeds admirably in so doing. 

A discussion of the geographical 
distribution of the house mouse brings 
out the difficulty in obtaining any de- 
gree of isolation approaching com- 
pleteness. A chapter on the _his- 
tory of the fancy mouse is of un- 
usual popular interest. It will be a 
surprise to many to learn that a 
polychrome pottery image of one of 
the color varieties of domesticated 
mice dating from approximately 2000 
B. C. was discovered in Egypt. The 
possession of fancy mice was wide- 
spread by 300 B. Cc. A list of the 
more important mendelian unit char- 
acters of mice shows that out of 
eighteen, eight have been first 
recorded since 1900. The earliest 
character, dominant spotting, traces 
back to 1100 B. C. The most recent 
listed is “dwarf,” described by Snell 
in 1929. 

The third chapter provides a more 
complete discussion of the various 
unit characters and concludes with a 
useful list of 26 varieties in each of 
which the _ fancier’s terminology, 
scientific terminology, and_ genetic 
formulae are compared. 

This is followed by a brief discus- 


sion of “normal” and “abnormal” in- 
heritance in turn. By “normal in- 
heritance” he includes, normal over- 
laps in which there is marked dis- 
crepancy between the genetic con- 
stitution of an individual and _ its 
somatic appearance; dominant lethals 
in which one of the two types of 
homozygotes in a given mendelian 
combination die; and hereditary ster- 
ility in the two types of hairless mice. 

The final chapter is on the breed- 
ing of mice in laboratories. It gives 
a brief résuméé of the more important 
physiological facts of the life history 
and breeding habits of mice. This is 
followed by a discussion of the more 
common diseases and parasites and 
by directions for food and housing. 
Twenty-four photographic figures and 
a bibliography of 184 references bring 
the volume to a close. 

In such a brief and popular publica- 
tion it is, of course, natural that 
many subjects cannot be included. It 
would seem, however, that in future 
editions consideration might be given 
to the interesting isolated types, M. 
muralis and M. musculus faeroensis 
which occur in the confined areas of 
the Island of St. Kilda and of the 
Faeroe Islands, respectively. Similarly, 
the dominant lethal, short tail, de- 
scribed by Lang in 1912, and later 
by Dobrovolskaia-Zavadskaia, is an 
additional unit character to be listed. 

The booklet is attractively prepared 
and is likely to have a well-deserved 
wide distribution. 


C. C. Littte. 
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